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Further Experiments with Dichloroethyl Ether for Plum 
Curculio Control 


Otrver I. Swapp, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


An effective and safe substitute for 
lead arsenate, a reasonably effective insec- 
ticide for the control of the plum curculio, 
Conotrachelus nenuphar (Hbst.), has been 
sought by the Fort Valley, Ga., laboratory 
of the Bureau of Entomology and Plant 
Quarantine for a number of years. Labora- 
tory and cage experiments in 1937 and 
1938 indicated that soil treatment with 
dichloroethyl ether might be suitable 
for this purpose (Snapp 1939). Continued 
laboratory and cage experiments for the 
next 3 years gave similar results. In 1941 
two applications of dichloroethyl ether 
under the spread of peach trees in a com- 
mercial orchard, plus 12 jarrings, gave as 
good control as the regular spray schedule 
of lead arsenate (Snapp 1942). The re- 
sults of further field experiments with 
dichloroethyl ether during the period 
1942 to 1944 are reported in this paper. 

All these experiments were conducted 
on Elberta peach trees in commercial 
orchards. The dichloroethyl ether was 
applied in the form of an emulsion, at the 
rate of approximately 1 gallon to six 
square yards of soil—about 1 gallon under 
small trees, 2 gallons under medium-size 
trees, and $ gallons under large trees. The 
first application was put on when almost 
all the cureulios were present as larvae, 
and the second when most of them had 
become pupae. All the trees were treated 
with a sulfur fungicide 2 weeks after the 
shuck-off spray and 4 weeks before har- 
vest. None of the treatments included 
picking up the drops. 

In 1942 each of 5 treatments was used 
on 5 replicated plots of 40 trees each, ar- 
ranged in a Latin square, and in 1943 
each of 2 treatments was used on 5 repli- 
cated plots of 36 trees each, in a random- 
ized-block set-up. In 1944 large unrepli- 


cated plots were used; the plot for treat- 
ment 1 contained 224 trees and that for 
treatment 2 contained 237 trees. 

In 1942 the treatments were tested 
against an unusually heavy infestation 
of the plum curculio. Oviposition by first- 
generation females began on June 29, 
the eggs having matured in 3 weeks, and 
second-generation larvae appeared before 
Elberta harvest. The peaches were there- 
fore attacked by a full second brood, 
which was fortunate from the standpoint 
of these experiments since dichloroethy] 
ether is used especially against a second 
brood of the insect. Unless control meas- 
ures are applied this brood is often very 
destructive in the South to Elberta, the 
last commercial variety of peach to ripen 
in Georgia. In 1944 larvae of the second 
generation were also attacking the peaches 
in this district before the fruit was har- 
vested. 

In 1942 and 1948 results were taken 
from four record trees in the middle of 
each replicate, and there were at least 
four barrier trees between the record trees 
of each replicate, to prevent contamina- 
tion by spray drift. At harvest, in 1942, 
every eighth peach picked from the record 
trees was cut to determine the percentage 
of the fruit infested with the curculio. 
Owing to a small crop in 1943 all the 
peaches harvested from record trees were 
examined. In 1944 the results were taken 
from 12 record trees in the middle of each 
plot. At harvest time every tenth peach 
picked from these trees ‘was cut. 

The treatments applied and the results 
obtained are given in table 1. 

The application of dichloroethyl- ether 
to the soil caused no discernible injury 
to the vegetation under the trees or to 
any part of the trees, and statistical 
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analyses showed no significant differences 
in the results with the treatments used. 

In the experiments of 1942 the per- 
centage of curculio-free peaches was prac- 
tically the same where only the two appli- 
cations of dichloroethyl ether were used 
as where two applications of dichloro- 
ethyl ether plus jarring nine times to 
catch overwintered plum curculio adults, 
or where the two applications of dichloro- 


Table 1.—Summary of experiments for control 
of the plum curculio in 1942, 1943, and 1944. 








Rive Peacues 
Number 
Cutand Per Cent 
Examined 


Treatment’ Infested 


1942 
1 Regular spray schedule (lead arsenate 9.1 
2 Ib. with hydrated lime 8 lb. per 100 
]. at petal-fall, shuck-off, and 4 weeks 
ore vent. Zinc sulfate 8 lb. added 
to last spray) 
2 Lead arsenate as in treatment 1 at 
shuckoff; dichloroethy! ether emulsion 
—1.5% aguinst larvae and 4.5% against 


upae , : 
3 Dichloroethy! ether emulsion as in 
treatment 2; 9 jarrings for overwintered 


ults 
4 Dichloroethyl ether emulsion as in 
treatment 2 
1943 
1 Regular spray schedule (lead arsenate 
2 lb. with hydrated lime 8 Ib. and zine 
sulfate 2 lb. per 100 gal. at petal-fall, 
shuck-off, ai 4 weeks before harvest) 
2 Dichloroethyl ether emulsion—1.5% 
against larvae and 4.5% against pupae 


16.8 


1 Lead arsenate schedule, same as treat- 1.2 


ment 1 (1943) : 
2 Dichloroethy! ether emulsion as in 2.4 


treatment 2 (1943) 





1 Treatment 5, 1942, of no interest in connection with this 
report, has been omitted. 


ethyl ether plus one application of lead 
arsenate at shuck-off against overwin- 
tered adults were used. These results 
would indicate that neither jarring nor an 
application of lead arsenate against the 
overwintered adults gave a degree of con- 
trol materiaily greater than that obtained 
when dichloroethyl ether was used alone. 

In the trees treated with the regular 
lead arsenate schedule, moderate to 
severe injury to foliage and budwood de- 
veloped in July, during which month there 
were frequent rains; and by September de- 
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foliation was moderate to severe. The 
trees treated with dichloroethyl ether 
only were in full foliage on September 29. 
Although zinc sulfate was used as an 
added safener for the lead arsenate treat- 
ment applied 4 weeks before harvest, the 
percentage of spray-burned peaches at 
harvest from lead arsenate applied ac- 
cording to the regular schedule was 1.2 in 
treatment 1 and 2.5 in treatment 5, which 
is not included in table 1. 

In 1943 about 0.7 per cent of the fruit 
receiving lead arsenate according to the 
regular schedule showed evidence of spray 
burn at harvest, although zinc sulfate had 
been used with each application. The trees 
sprayed with lead arsenate showed heavy 
defoliation by October 20, whereas the 
trees that had received the ground 
sprays of dichloroethyl ether were in full 
foliage on that date. 

In 1944 no fruit injury developed from 
the lead arsenate treatment, with zinc 
sulfate as an added safener, but heavy de- 
foliation and some budwood injury had 
taken place by September 9. On the same 
date the trees that had received the di- 
chloroethyl ether treatment for plum cur- 
culio control showed no sign of foliage in- 
jury or defoliation. 

SUMMARY.—In experiments in com- 
mercial Elberta peach orchards near Fort 
Valley, Ga., in 1942, 1943, and 1944, the 
effect of two applications of dichloroethy! 
ether on the soil under the trees for con- 
trol of the plum curculio, Conotrachelus 
nenuphar (Hbst.), was not significantly 
different from that resulting from the 
regular schedule of three lead arsenate 
sprays on the fruit. No injury to vegeta- 
tion under the spread of the trees or to 
any part of the trees could be discerned 
from the application of dichloroethy! 
ether. However, the lead arsenate, with 
safener added and applied according to 
the regular schedule, caused severe foliage 
injury and heavy defoliation, some bud- 
wood injury, and in 2 of the 3 years a 
little spray burn on the harvested fruit. 
4-4-45. 
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Propylene Dichloride for 


Peachtree Borer Control: 


Second Report 


Outver I. Snapp, U.S.D.A., Agr. Res. Adm., 


Experiments conducted in 1941 and 
1942 (Snapp 1948) indicated that good 
control of the peachtree borer, Sanninoidea 
exitiosa (Say), without tree injury, can be 
expected from propylene dichloride emul- 
sion used at strengths from one-fourth to 
one-third lower than that required for 
ethylene dichloride emulsion. The pur- 
pose of this paper is to report the results 
of further experiments with this material 
on trees of different ages in commercial 
peach orchards at Fort Valley, Ga., during 
1943 and 1944. 

EXPERIMENTAL Metuops.—A random- 
ized-block experimental lay-out was used 
throughout. Each treatment was repli- 
cated 5 times and each replicate included 
6 trees, with a limited number of excep- 
tions. The insecticides were applied in 
October. One-half of the trees were ex- 
amined in November, and the other half, 
with one exception, in the following May. 
Some of the borers were driven from their 
burrows by the fumes of the chemicals 
and all borers that were killed by the 
treatments had completely decomposed 
and disintegrated by the time of the final 
examination. The efficacy of the treat- 
ments must therefore be judged by the 
number of live borers found in the treated 
trees as compared with the number found 
in the untreated trees. This factor also 
affected, to a lesser extent, the records 
taken in November, about 2 weeks after 
treatment. All emulsions were made by 
the cold-stirred method, and consisted of 
1 part by volume of a good grade of potash 
fish-oil soap (without an excess of caustic 
potash) containing approximately 30 per 
cent of soap and 70 per cent of water, and 
9 parts by volume of the chemical. The 
applications were made by pouring each 
dose on the soil around the base of the 
tree in such a way that none of the mate- 
rial touched the trunk. Before treatment, 
in cases where there were signs of borers 
in the trees above the ground line, the 
soil level was raised above the normal 
level. Several shovelfuls of soil were 
placed on the treated surface immediately 
after the emulsions were applied. 


Bureau of Entomology and Plant Quarantine 


Resvutts oF EXPERIMENTS STARTED IN 
1942.—Extensijve tests of propylene di- 
chloride at various strengths, in compari- 
son with ethylene dichloride and paradi- 
chlorobenzene for peachtree borer con- 
trol, were started at Fort Valley, Ga., in 
October 1942. Information on these ex- 
periments and the results of the examina- 
tion of three of the trees in November 
1942 have already been published (Snapp 
1943). The other three trees of each repli- 
cate were examined for borer control and 
tree injury during the period May 13 to 
20, 1943,* and the results obtained are 
given in table 1. 

Propylene dichloride was more toxic to 
peach trees 4 years of age and under than 
ethylene dichloride, but in only three 
trees was serious injury from propylene 
dichloride found. One of these trees was 
a 2-year-old replant in the 3-year-old 
orchard which received the treatment in- 
tended for 3-year-old trees, and the others 
were 2-year-old trees, each of which had 
received 4 oz. of 15 per cent propylene 
dichloride emulsion, the quantity and 
strength recommended for ethylene di- 
chloride. When used at strengths from 
one-fourth to one-third weaker than rec- 
ommended for ethylene dichloride, pro- 
pylene dichloride caused very little tree 
injury and gave good control of the peach- 
tree borer. 

EXPERIMENTS IN 1943.—In_ experi- 
ments started in 1943 propylene dichloride 
emulsion was tested at half the strength 
recommended for ethylene dichloride 
around peach trees of various ages. These 
trees were situated on Greenville sandy 
loam and Greenville clay loam. The dan- 
ger of injury to peach trees from ethylene 
dichloride is greater when applied to clay 
loams than when applied to sandy loams. 
In a 2-year-old orchard a wider range of 
concentrations and quantities of propy- 
lene dichloride emulsion was tested to 
determine where tree injury is likely to 
begin. From the time the materials were 
applied (October 21 to 25), up to Novem- 
ber 7, the soil was extremely dry. 

Three trees of each replicate were ex- 
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Table 1.—Experiments with propylene dichlo- 
ride, ethylene dichloride, and paradichloroben- 
zene applied on October 20 to 22, 1942, for control 
=e peachtree borer. Results of final examina- 








STRENGTH Live 
or Emut- Dosace Borers 
aston (By PER PER 


TREATMENT Votrme) Tree Tree 





Per Cent 


6-year-old-trees 
Ethylene dichloride emulsion 20 
Propylene dichloride emulsion 20 
Propylene dichloride emulsion 15 
Propylene dichloride emulsion 13.33 
Paradichlorobenzene crystals 
Check (untreated) 


$-year-old trees 
Ethylene yore emulsion 20 s 
Propylene dichloride emulsion 20 s 
2 spots, 1 by 3 and 1 by 5 inches, in cambium of 1 tree; little 
injury to 6 trees; no injury to 8 trees. 
Posayne dichloride emulsion 13.33 s 0.7 
t bark injury at 1 place on 6 trees; no injury to 9 trees 
Pa ichlorobenzene crystals 0.75 6.1 
ae in cambrium of 2 trees; bark injury to 4 trees; no injury to 


( “heck (e (untreated) 5.7 

3-year-old trees 

Ethylene dichloride emulsion 13.33 . 0.1 

Propylene dichloride emulsion 13.33 8 — 
Cambium injury at 1 place on 2 trees; bark injury to 1 tree; 
no injury to 11 trees; one 2-year-old replant seriously injured. 

Propylene dichloride emulsion 10 s 0.1 

wo 1 by 1 inch spots in cambium of 1 tree; no injury to 
14 trees. 

Paradichlorobenzene crystals 0.5 0.2 
2 by 2 inch spot in cambium with bark i injury around it on 1 
tree; no injury to 14 trees. 

Check (untreated) 2.5 
2-year-old trees 

Ethylene dichloride emulsion 15 4 6.3 
Slight bark injury at 1 lace on 3 “a no injury to 12 trees. 

Propylene dichloride emulsion 4 
Serious injury to 2 trees; light bark injury to 2 trees: no 
injury to 11 trees. 

Propylene dichloride emulsion 10 4 0.2 
Small spot in cambium of 2 trees; bark injury at 1 place on 2 
trees; no injury to 11 trees. 

Paradichlorobenzene crystals 0.5 0.4 
Serious injury through cambium into wood of 6 trees; cambium 
injury to 2 trees; bark injury to 3 trees; no injury to 4 trees. 

Check (untreated) 8 
Nine trees with winter injury or injury from high soil mounds 
to correct wind loosing; no injury to 6 


1-year-old trees 

Ethylene dichloride emulsion 7.5 
Propylene dichloride emulsion 
Propylene dichloride emulsion 3 
Paradichlorobenzene crystals 

Serious injury thro cambium into wood 

which were completely girdled; 4 of the 6 gir 

bark injury all around $ trees; no injury to 1 t 
Check (untreated) 





! No tree injury except as noted. 


amined for borer mortality and tree in- 
jury during the period November 8 to 6, 
1943. The other three trees of each repli- 
cate were examined May 16 to 18, 1944, 
with exception of the l-year-old trees, 
which had to be examined on January 24, 
1944, owing to the removal of this or- 

chard to another location. The results of 
the two examinations were essentially in 
agreement, therefore only those of the 
final examination are given in table 2. 
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In these experiments propylene di- 
chloride used at half the strengths rec- 
ommended for ethylene dichloride gave 
control of the peachtree borer equal to 
that obtained with ethylene dichloride at 
standard strength. The results suggest 
that, even at the reduced strength, pro- 
pylene dichloride may be more effective 
than ethylene dichloride against borers in 
the trees at unusual depths below the 
ground line. 

The tree injury recorded was of little 
if any significance, as in no case was the 
cambium layer involved. Most of the in- 
jury was confined to the outside bark- 
layer. The higher concentrations and 
quantities of propylene dichloride emul- 
sion used around the 2-year-old trees did 
not result in any tree injury. 

EXPERIMENTS IN 1944.—Extensive ex- 
periments were conducted in 1944 with 
the same strengths of propylene dichloride 
emulsion and under the same orchard 
conditions as in 1943. Experiments in- 
cluded the use of broken-down emulsions 
and the breaking of the soil crust to pre- 
vent run-off. In order to determine where 


Table 2.—Experiments with propylene dichlo- 
ride and ethylene dichloride applied on October 
21 to 25, 1943, for control of the peachtree borer. 
Results of final examination.' 








AVERAGE 
Live 
Borers 
per Tree 


STRENGTH 
or Emcision Dosace 
(Br PER 


EMULSION Votume) Tree 





Per Cent 
7-year-old trees 


aa dichloride 10 
Ethy dichloride 20 
Check (untreated) 


ounces 


45-year-old trees 
Propylene dichloride 10 8 0.1 
A little bark injury in first outside layer only of 5 trees; not 
— no cambium or inside bark injury; no injury to 10 


Ethylene dichloride 20 s 0.2 
Check (untreated) 2.0 
38-year-old trees 
vlene dichloride 7.5 
Preheat bark injury at 1 place in first wdhile bark = of 1 
tree; no injury to 14 trees. 
Ethylene dichloride & 2.4 
Same as above. 
Check (untreated) 10.4 


0.3 
— (trees) 
0.5 (6 trees) 
Propy i , — (6 trees) 
Ethylene dichloride 0.2 
Check (untreated) 0.3 
1-year-old trees 
Propylene dichloride 5 2 —_— 
Ethylene dichloride 7.5 2 
Little i injury in bark layer at 1 small place on side ot 1 tree; no 
injury to 14 trees. 
Check (untreated) 0.1 





1 No tree injury except as noted. ‘ 
2 Borers very in sew trees at time of treatment. 
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Table 3.—Experiments with propylene dichloride and ethylene dichloride applied October 20 
to 24, 1944, for control of the peachtree borer. Results as of November 4 to 8, 1944.' 


— 
SS 








Per Cent 
Borers 
Deap 


DosaGE 
PER 
TREE 


STRENGTH 
or EMULSION 
(By Votume) 


Tora. 


EMULSION Borers 





Ounces 
5-year-old trees 


Per Cent 


Propylene dichloride* 10 8 100 


Ethylene dichloride® 20 
Check (untreated) —_ 
Propylene dichloride® 10 


(Brown-down emulsion) 


8 
_ 0 
8 


100 
72 


A little bark layer injury to 4 trees, confined in 2 trees to outside layer; no injury to 2 trees. 


Ethylene dichloride* 20 


(Broken-down emulsion) 


Outside bark layer injury, mostly slight, to all 6 trees, 
— 21 0 


Check (untreated) -- 


8 6 1 100 


4-year-old trees 


Propylene dichloride* 10 
Ethylene dichloride* 20 
Check (untreated) a 
Propylene dichloride? 10 
Ethylene dichloride? 20 
Check (untreated) — 


Propylene dichloride* 7.5 
Propylene dichloride’ 10 


A little first bark layer injury to 5 trees; no injury to 10 trees. 
8 


Propylene dichloride* 12.5 


3-year-old trees 
8 


36 100 
38 87 
51 2 
29 97 
14 93 
125 0 


15 11 100 
8 15 14 100 


15 26 100 


Bark injury, mostly in first layer, to 7 trees; cambium injury to 2 trees, 1 of which was a small tree; no 


injury to 6 trees. 
Propylene dichloride?* 15 


8 6 4 100 


A little injury around borer wound of 1 tree and a very little outside bark layer injury to 1 tree; no 


injury to 4 trees. 


Propylene dichloride* 20 


6 8 100 


Bark layer injury to 4 trees and cambium injury at borer wound of 2 trees. 
8 


Ethylene dichloride® 15 
Check (untreated) = 


Propylene dichloride* 5 
Ethylene dichloride® 
Check (untreated) 


15 13 


— 15 25 
2-year-old trees 
4 


15 
4 15 


—_ 15 


1-year-old trees 


Propylene dichloride® 
Ethylene dichloride? 
Check (untreated) 


2 15 
2 15 


— 15 





' No tree injury except as noted. 

Soil crust broken before treatment. 

* Soil crust not broken to prevent run-off. 
tree injury is likely to begin, a wider 
range of concentrations of propylene 
dichloride was tested in a 3-year-old or- 
chard. The applications were made on 
October 20, 21, 23, and 24. Between 10:30 
A.M. on October 19 and before daybreak 
on October 20 1.7 inches of rain fell. The 
soil was saturated when the applications 
were made on October 20, and wet under 
the surface on the later dates. The soil 
still contained considerable water at the 
time of the fall examinations for borer 
mortality and tree injury. This examina- 
tion was made during the period Novem- 
ber 4 to 8, 1944, and the results are given 
in table 3. 


The applications made with the 
broken-down emulsions were not uniform, 
as the active ingredient in the liquid fell 
toward the bottom faster than it could be 
poured, and in these cases some free pro- 
pylene dichloride or ethylene dichloride 
was applied. Some bark injury resulted 
and the borer control was reduced. Indi- 
cations are that in the soils included in 
these tests it is not necessary to break the 
soil crust before treatment with either 
propylene or ethylene dichloride to pre- 
vent run-off. The results from the use of a 
wide range of concentrations of propylene 
dichloride on the 3-year-old trees indi- 
cate that there is a fair margin of safety 
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in the use of this material at the strength 
required to give a high degree of control 
of the peachtree borer. 
Cost.—Propylene and ethylene di- 
chlorides cost approximately the same 
per pound. Since propylene dichloride can 
be used effectively at half the strength re- 
quired for ethylene dichloride, treatment 
with propylene dichloride is the cheaper. 
SumMary.—Extensive experiments con- 
ducted during 1943-44, under dry and 
wet soil conditions in commercial peach 
orchards at Fort Valley, Ga., show that 
excellent control of the peachtree borer, 
Sanninoidea eritiosa (Say), without tree 
injury can be obtained from propylene 
dichloride when used at half, the strength 
recommended for ethylene dichloride. 
Even at the reduced strength, propy- 
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lene dichloride was more effective than 
ethylene dichloride against peachitree 
borers in the trees at unusual depths be- 
low the ground line. The results indicate 
that there is a fair margin of safety in the 
use of propylene dichloride at the strength 
required to give a high degree of borer 
control. The use of broken-down emul- 
sions of propylene and ethylene dichloride 
resulted in some bark injury and the con- 
trol was reduced. The results indicate 
that with the soils included in these tests 
it is not necessary to break the crust be- 
fore treatment with either material to 
prevent run-off. Since the two materials 
cost approximately the same per pound, 
the propylene dichloride treatment is the 
cheaper because of the lower strength re- 
quired for effectiveness.—4-4-45. 
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DDT and its Effect on the Comstock Mealybug 


and its Parasites 


W. S. Hoven, Virginia Agricultural Experiment Station, Winchester, andD. W. Cuancy and 
H. N. Poutarp, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


During 1944 preliminary orchard and 
laboratory tests were conducted at Win- 
chester and Charlottesville, Va., to ob- 
serve the effect of DDT sprays upon the 
Comstock mealybug, Pseudococcus com- 
stocki (Kuw.), and its parasites. 

The DDT used at Charlottesville had 
been dissolved in xylene and the solution 
emulsified with ammonium caseinate. In 
the tests at Winchester both processed 
and technical grade DDT were available. 
The processed materials contained 20, 25, 
and 50 per cent of DDT. They mixed 
readily with water. On May 10 the tech- 
nical DDT was added to one-half gallon of 
water containing 2 ounces of a spreader 
and stirred into a smooth slurry, which 
was further diluted to about 1 gallon be- 
fore being added to the spray tank. Dilu- 
tion of this mixture in the spray tank re- 
sulted in formation of agglomerates of 
DDT which appeared to range im size 
from road dus’ to sand grains. This 
method of wetting the DDT material was 
conspicuously unsatisfactory, and it is 
doubtful if the deposit had much effect. 
In subsequent tests the technical DDT 


was first dissolved in ethylene dichloride 
and emulsified according to formula A, the 
proportions being as follows: 1 pound of 
DDT, 855 ml. of ethylene dichloride, 760 
ml. of water, and 95 gm. of potash fish oil 
soap. The stock emulsion was then diluted 
to give the desired concentration of DDT. 
An objection resulting from this method 
of using DDT was the formation of a film 
of finely divided DDT on the copper 
screens in the sprayer, causing stoppage 
of the flow of spray water through the 
pump. 

Lasoratory Tests.—At Winchester, 
York Imperial apples infested with mealy- 
bugs in all stages of development were 
brought to the laboratory and sprayed 
with DDT preparations. Each apple was 
then placed in a stender dish containing 
about one-half inch of water, the mealy 
bugs being removed from the end of the 
apple to be submerged in water. Materials 
used, rate of dilution per 100 gallons, and 
per cent of dead mealybugs observec 
among 967 individuals examined 2 days 
after spraying were as follows: Gesarol 
oil SH-20 (20 per cent DDT), 2 quarts, 
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40.9 per cent dead; 25 per cent DDT, 6 
pounds, 18.3 per cent dead; DDT 1.5 
pounds in formula A, 29.1 per cent dead; 
unsprayed check, 4.1 per cent dead, Al- 
thouvh the percentage of dead individuals 
was not large, it was evident that some of 
the immature forms had been killed, but 
mature females did not appear to be af- 
fected. 

In another series of tests apples sprayed 
with DDT, 1.5 pounds per 100 gallons, 
and unsprayed apples were placed in a box 
containing masses of mealybug eggs from 
which the young mealybugs were emerg- 
ing in large numbers. After a specified 
length of time, ranging from 45 minutes 
to 17 hours, the apples were removed from 
the box and each was placed in a dry petri 
dish in a pan containing about a quarter 
of an inch of water. The number of young 
mealybugs found dead on the fruit and in 
the petri dishes when examined 2 to 3 
days after the apples had been infested 
was as follows: Fruit, sprayed and infested 
on the same day, 2104, or 76.6 per cent, of 
total observed compared with 380, or 9.1 
per cent, for the unsprayed checks; fruit 
sprayed 11 and 12 days prior to being in- 
fested, 289 dead, or 53.9 per cent, com- 
pared with 239, or 19.3 per cent, for the 
unsprayed checks. The spray deposit on 
fruit sprayed and infested on the same day 
was more toxic to the young mealybugs 
than was evident 11 or 12 days after 
spraying. The proportion of young mealy- 
bugs, dead and alive, found in the petri 
dishes containing sprayed apples was 
more than three times greater than the 
corresponding figure for the dishes con- 
taining the unsprayed fruit, that is, 2593 
out .f 3276 mealybugs infesting the 
sprfyed apples, or 79.1 per cent, had fallen 
or crawled from the fruit and were found 
in the petri dishes as compared with 1385 
out of 5371, or 25.7 per cent, for the un- 
sprayed apples. 

At Charlottesville additional tests were 
performed using apple twigs and potato 
sprouts as growth media. In the first ex- 
periment 30 egg masses were transferred 
to clipped apple twigs in water bottles, 
half of which had been sprayed with DDT 
at 2 pounds per 100 gallons in an ato- 
mizer. An examination 3 weeks later 
showed a reduction of 99.9 per cent in liv- 
ing nymphs on the sprayed twigs as com- 
pared with those left unsprayed (2323 and 
3 nymphs). A similar test utilizing 50 egg 
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masses on sprouted potato tubers in bat- 
tery jars gave a 97.5 per cent reduction 
(3290 and 81 nymphs), while a third test 
with half-grown nymphs (majority third 
instar) under the same conditions indi- 
cated a 77.2 per cent kill by DDT. In or- 
der to test its effect upon mature migrat- 
ing female mealybugs, 300 specimens were 
placed in each of 2 cloth-covered cages, 
one of which had been thoroughly sprayed 
inside with DDT at 2 pounds per 100 gal- 
lons on the day before. After crawling 
about for 24 hours they were removed and 
placed in individual gelatin capsules. 
When examined 3 weeks later there was 
no significant difference in mortality be- 
tween the 2 lots. In these tests DDT was 
very effective against mealybugs in the 
first instar, and against the later instars 
toxicity decreased until little or no effect 
was noted on adult females. 

Laboratory observations have shown 
that this material is extremely toxic and 
quick acting against adults of the mealy- 
bug parasite, Pseudaphycus sp. Three 
large cloth-covered cages were thoroughly 
sprayed with DDT at the following con- 
centrations per 100 gallons, a fourth cage 
being left unsprayed as a check: Cage 1, 2 
pounds; cage 2, 1 pound; cage 3, 0.5 pound. 
The following day 1000 Pseudaphycus 
adults were released in each cage and their 
reactions observed. In cages 1 and 2 the 
parasites began falling to the botton in 30 
minutes, and at 45 minutes practically all 
were down rolling and jumping about and 
unable to maintain a footing. The major- 
ity were dead in 4 to 5 hour, with com- 
plete mortality in 6 hours. Total mortality 
was obtained in cage 3 in about twice the 
time required in cages 1 and 2; all were 
alive in the unsprayed cage at that time. 

Orcuarp Trests.—Four plots were es- 
tablished in adjoining rows of a heavily 
infested orchard at Winchester, the first 
3 containing 4 trees each, and the fourth 
3 trees. The block was surrounded by trees 
of the same varieties which constituted 
the check plot. In plot 1 the applications 
were confined to the first generation; in 
plot 2 sprays were directed against the 
first and second generations; and in plots 
3 and 4 against the second generation 
only. Sprays were applied when large 
numbers of young mealybugs were emerg- 
ing from the egg masses and distributing 
themselves over the trees. Spraying was 
done at 400 pounds’ pressure from both 
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ground and spray tower. The lower side of 
the foliage, as well as the bark on the 
trunks and limbs, was sprayed by going 
under each tree, after which the applica- 
tion was completed from the outside. The 
usual orchard sprays of lead arsenate with 
copper and sulfur fungicides were applied 
by the orchardist. 

Systematic collections of mature female 
mealybugs of each generation were made 
on a man-hour basis in order to ascertain 
population fluctuations in each plot after 
spraying; the same specimens were then 
reared at Charlottesville to determine the 
per cent parasitized. These data are pre- 
sented in table 1. Plots 1 and 2 showed an 
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members of the Charlottesville laboratory 
who graded 200 apples in each plot, and 
at harvest time on September 25-26 by 
members of the Winchester laboratory, 
who graded 1000 apples in each plot. 
Fruits showing the presence of one or 
more mealybugs or egg masses, or the oc- 
currence of sooty smudge in sufficient 
amount to be readily apparent, were 
graded as infested or injured. The results 
are given in table 1. Control at harvest 
exceeded 94 per cent in plots 2 and 3 and 
88 per cent in plot 4. No spray injury was 
observed on foliage or fruit. 

Increase of the mite population on the 
foliage of the sprayed trees was conspicu- 


Table 1.—Results of orchard tests with DDT for control of Comstock mealybug on Stayman-Wine- 


sap and Arkansas apples at Winchester, Va. 








Noumper or Apvutt 


Fema.es CoLLectep 
per Man-Hovur 
1n GENERATION 


Per Centr or 
Fruit Insvrep 


Per Cent or Aputt 
Femaces Parasitizep 
In GENERATION, 





Date 


Amount or DDT per 
; APPLIED I 


Por 100 GALLons 


Sept. 
II Ill 13 


Sept. 
25-26 





1 bs., spreader 2 oz. 


l 
Ib. (formula A 
] 


bs., spreader 2 oz. 
Ib. (formula A) 
1.5 lbs. (formula A) 


May 10} 
May 17} 154 


May 10) 
May 17 
July 5 
July 14 


July 5) 
July 14 
July 25) 
Aug. 5) 


July $} 
July 14 


2 
1 
2 
1 


1.5 lbs. (formula A) 


1.5 lbs. (in 20% formulation) 
1.5 lbs. (in 25% formulation) 


Check trees — 363 


291 29 


41.8 


32! 0 40.5 7.3 


425 28 0.4 11.4 100 69.4 





1 Higher population due to several small colonies developing in pruning scars which apparently been missed by spray. 


average of 60 per cent reduction over 
check in first-generation populations, in- 
creasing to 83 per cent in plot 2 following 
two aiistnsl enusthentions against the 
second generation. Plot 1 populations 
nearly doubled in the second generation 
without further sprays, while in plots 3 
and 4 reductions of 78 and 65 per cent, re- 
spectively, were obtained over the check 
with second-generation sprays only. The 
third generation was greatly reduced by 
high parasitization and cool weather 
which prevented the hatching of many 
second-generation eggs. Parasitizations 
also followed the same general trend de- 
spite initially low first-generation popula- 
tions. The species reared were Allotropa 
burrelli Mues., Pseudaphycus sp., and 
Clausenia purpurea Ishii. 

Examination of the fruit for mealybug 
injury was made on September 13 by 


ous, as indicated by an examination made 
late in August. At that time the numbers 
of mites per 100 leaves were as follows: 
Plot 1, 120; plot 2, 195; plot 3, 3981; plot 
4, 4477; remainder of orchard, 7. Twospe- 
cies of mites were present, the European 
red mite, Paratetranychus pilosus (C. & 
F.), and Tetranychus schoenei McG., the 
latter being more numerous. 
Summary.—Laboratory tests indicated 
that DDT at 1.5 and 2 pounds per 100 
gallons was more effective against newly 
hatched mealybugs than other immature 
stages, and had little or no effect against 
adult females. Toxicity of the spray de- 
posit was distinctly higher soon after 
spraying than 11 and 12 days later. 
Satisfactory control was obtained in a 
heavily infested orchard from the use of 
1.5 pounds of DDT per 100 gallons in 
sprays directed against the young of the 
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first and second generations or against 
second generation only. Mites increased 
greatly on foliage which received the DDT 
sprays. 

Adults of the parasite Pseudaphycus sp. 
were very susceptible to spray deposits of 
DDT at all concentrations (0.5 pound to 
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2 pounds per 100 gallons) used in the 
laboratory. Orchard parasitization was 
depressed following DDT sprays but in- 
creased rapidly after spraying was discon- 
tinued in August. Species reared were Al- 
lotropa burrelli Mues., Pseudaphycus sp., 
and Clausenia purpurea Ishii.—3-28-45. 





Airplane Application of DDT Larvicides' 


C. C. Deonter and R. W. Burrewt,? U.S.D.A. Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine® 


The use of airplanes for applying mos- 
quito larvicides was demonstrated about 
20 years ago by King & Bradley (1926). 
Large-scale control operations for air- 
plane applications of paris green dusts 
were perfected sometime later by the 
Health and Safety Division of the Ten- 
nessee Valley Authority (Kiker et al. 
1938). Following discovery of the larvi- 
cidal effectiveness of DDT (1-trichloro- 
2,2-bis(p-chlorophenyl)ethane) in 1943 at 
the Orlando, Fla., laboratory of the Bu- 
reau of Entomology and Plant Quarantine 
(Deonier et al. 1945), attempts were made 
to adapt this new material for dispersion 
from airplanes. Dusts containing DDT 
were applied first, since dusting equip- 
ment was available. However, the high 
toxicity and adaptability of DDT made 
spray applications possible, and a portable 
spray unit was soon developed by Husman 
& Longcoy.' Simultaneously tests on air- 
plane sprays were being made against 
adult mosquitoes,’ and in some instances 
both larvae and adults were involved in 
the same test. 

Tests wita Dusts.—The first at- 
tempts to apply DDT from aircraft were 
made in June and July 1943 at Wilson 
Dam, Ala., in cooperation with workers of 
the Tennessee Valley Authority. Al- 
though DDT in dust form had proved 
highly effective as a larvicide when ap- 
plied with a hand duster (Deonier e al. 


' The work described in + wa and was done under a transfer 
{ funds, recommended by the Committee on Medical Research, 
fr om the Office of Scientific Research and Development to the 
Bureau of Entomo' and Plant Guarention. 
* Now Captain, A. M. G., Army of the United States. 
* Acknowledgment is ‘made of the efforts of E. F. Knipling, in 
chan of the am. Fla., laboratory, in furthering the 
evelopment of ‘._ methods of a plying DDT; of the 
sistance of C. N. Husman and 0. M. fi angeoy in developing 
it “, of equipment, and of the latter as pilot on the tests with 
Cub plane; and of J. D. Maple, J. H. Cochran, and Edward 
N ottingham ji in the field-test operations. 
‘ Patent application pending. 
* Lindquist et al. 1945, submitted for publication. 


1945), distribution of dusts containing 
high concentrations of DDT from an air- 
plane proved difficult because the parti- 
cles of this material tend to cling together. 
By use of a 5 per cent DDT dust, how- 
ever, successful tests were made in Ar- 
kansas in September 1948, through the 
cooperation of Lt. Col. W. P. Rhyme, post 
surgeon of the Army air base al Stuttgart, 
and John D. Taylor, of the Arkansas 
State Board of Health. Subsequent tests 
carried out in Alabama by A. D. Hess and 
coworkers of the Tennessee Valley Au- 
thority® also showed that the DDT dusts 
could be applied successfully when 5 per 
cent of the active ingredient was used. The 
results from the preliminary tests at Stutt- 
gart and Walnut Ridge, Ark., are given 
in table 1. 

Further tests in Florida, with a Piper 
Cub plane, showed certain limitations on 
the DDT dusts then available when ap- 
plications were attempted in winds of 15 
to 20 miles per hour. At Leesburg good 
control was obtained over two mosquito- 
breeding areas, except where an adverse 
wind prevented getting the material under 
the high oak trees which overhung the 
water margin. In the open larval reduc- 
tion was 90 to 100 per cent. At Bushnell 
and Center Hill a high wind prevented 
control of swath width and permitted a 
few larvae to survive. A larger, more 
maneuverable plane than the Cub might 
have broken up the dust particles and, 
from the greater air current generated, 
forced the dust into heavy vegetation. 

Sprays.—The problem of applying 
sprays from an airplane has been satis- 
factorily solved with the equipment de- 
vised by Husman and Longcoy.‘ This ap- 
paratus consists of a supply tank, a pro- 


6 Personal communication. 
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peller-driven pump, and a variable nozzle 
outlet mounted on a Venturi tube hung 
beneath the plane at the center of gravity. 

In October and November 1948 pre- 
liminary tests were made of DDT sprays 
applied with this equipment against nat- 
ural infestations in central Florida. 

Five per cent of DDT was used in two 
formulations, in xylene emulsion and in 
kerosene. Each formulation was tested on 
two pond types, vegetated marsh and 
open water. Three areas of 2, 7.6, and 20 
acres of the vegetated marsh type were 
sprayed at the rate of 1 quart or less per 
acre of the DDT-kerosene solution. The 
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Discussion.—The utilization of DDT 
as a mosquito larvicide has opened up a 
new field of development in airplane 
sprays, since its toxicity is so great that 
it is applied in quantities sufficiently low 
to make the use of sprays feasible. The 

pay load possible with DDT sprays is 
greater than has formerly been obtained 
with dust. 

In the past the large quantities of liquid 
larvicides needed for control have made 
airplane application of sprays impracti- 
cal, and little consideration had been 
given to the development of sprays for 
this purpose. However, this has proved to 


Table 1.—Application of DDT as a dust from airplanes for control of Anopheles larvae, September 








Dosace 

or DDT 
MATERIALS PER 
(Per Cent py Wetont) Acre 


Area Type or 
TREATED PLANE 


LARVAE 
per Die = Repvuction 
Berore Due To 


LocaTION AND 
[TREATMENT TREATMENT 


Types or Breepinc Area 





Acres 


’ Pp eons 


Number Per Cent bs 


Tests in Arkansas 


DDT 5, tale 5, lime 90 0.25) 
DDT 5, tale 95 -25 
DDT 5, tale 5, soapstone { 
. 25| 


90 
DDT 5, tale 5, lime rock 
90 


5} 


DDT 5, tale 20, lime 75 .25 5 Waco 
25 5 Huff-Deland 


Rice field, Stuttgart 


Rice field, Stuttgart , 100 
Rice field, Walnut Ridge {3.4 89. 


100 


Tests in Florida 


DDT5, tale 95 5 Cub 
Cub 


Marsh with heavy vegetation, Leesburg 


25-100 
90-100 


Cub Grass, pontederia, and algae, Center Hill . 98.9 
Cub Grass, pontederia, and algae, Center Hill ‘ 04.6 


DDT 10, calcium stearate 
10, tale 806 1.0 F. Cub 


High grass and weeded margin, Bushnell 


87.0 





! Since the areas treated with these four dusts were not coordinated with the dipping, they are treated as a unit. The dipping repre- 


sents a cross section of the field. 


2 Only a very small part of this area was breeding. The dipping records can be considered as just a sample of the larger plot. 


3 Dipping records under grove of oaks. 
* Dipping records in open field. 


* 28 micron DDT as a 10 per cent dust with calcium stearate and tale. 


number of anopheline larvae per dip 
before treatment averaged from 4.6 to 
6.6. In one pond culicine larvae were also 
found, averaging 8.3 per dip. Control was 
94.9 per cent in the smallest pond, 99.4 
per cent in the largest, and 100 per cent in 
the third pond. 

Three tests were made on pest mos- 
quitoes in open water. Breeding occurred 
only in small ponds within a larger area 
treated for adults. DDT in kerosene was 
used in two tests and in xylene emulsion in 
the third. Two quarts of the liquid spray 
were applied per acre. Control was 100 per 
cent in all cases. In a fourth test with the 
DDT-xylene emulsion, where only a 
small amount reached the water, com- 
plete control was obtained. 


be a very promising method of applying 
DDT for the control of mosquito larvae, 
culicines as well as anuphelines. The ef- 
fectiveness of a single treatment against 
both types of mosquitoes is considered 
highly important. The effective dosage for 
anopheline larvae, 1 quart per acre of 
liquid containing 5 per cent of DDT, 
represents considerably less weight of ma- 
terial than is ordinarily used in applying 
paris green dusts. 

DDT has a specific gravity of 1.6 and a 
melting point of 108-109° C. The com- 
mercial products have a setting point of 
88° or higher. Because of these physica! 
characteristics, dusts containing a high 
percentage of DDT are difficult to apply 
from aircraft. It is also difficult, especially 
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in combat areas, to mix DDT properly 
with a diluent, and the particle size of the 
mixture is hard to control in storage since 
the material has a tendency to form 
lumps. Light breezes drift the dust badly. 
DDT dusts have not been recommended 
for larvicidal applications pending the 
development of a mixture with satisfac- 
tory physical characteristics. 

In using airplane sprays a high degree 
of control over droplet or particle size is 
possible. Minutely small droplets are not 
necessary in applying larvicides. The 
spray equipment need only produce drop- 
lets small enough to penetrate a moderate 
vegetative barrier. Sprays that are too 
finely dispersed are not easily applied with 
precision where only a few swaths are 
needed to cover a breeding area. Low fly- 
ing, such as is done in crop dusting, is not 
necessary in applying sprays. The overlap 
from successive swaths will insure ade- 
quate coverage when the drift is in excess 
of the swaths actually flown. In airplane 
dusting application is limited to the early 
morning hours and just at dusk, because 
of excessive drifting with slight breezes. 
With airplane sprays the application can 
be made in winds as strong as will be 
safe for flying small aircraft. Successful 
applications have been made in breezes 
of 15 to 20 miles per hour. 

Further studies are now in progress to 
determine the most desirable spray and 
dosages necessary to give larval control. 
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The standard practice has been to use 2 
quarts per acre of 5 per cent DDT spray 
applied in 40-foot swaths. In early tests 
this dosage has appeared to be greater 
than is necessary for effective control in 
many situations. Experiments are now 
being made to determine whether small 
dosages obtained by reducing the amount 
of spray delivered and by increasing the 
swath width would be equally effective. 

Other methods of spray applications, 
such as the use of liquefied-gas aerosols 
and the mist spray generated with the air- 
plane engine exhaust, are being consid- 
ered. The Cub spray unit has been 
adapted to other types of aircraft and 
used successfully for applying larvicidal 
sprays. 

SumMary.—DDT dusts have not been 
recommended for airplane application al- 
though they have been used successfully, 
because of certain undesirable physical 
characteristics of the dusts now available. 
The high toxicity of DDT, however, has 
made possible the application of sprays 
from aircraft. The Cub spray unit has 
proved highly satisfactory for application 
of dosages as low as 1 quart of 5 per cent 
DDT spray per acre. The pay load is 
greater than with dusts, precision appli- 
ation can be accomplished, and sprays 
can be applied under more adverse 
weather conditions than those under 
which dusting can be done successfully.— 
5-22-45. 
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Dr. LAAKE INJURED 


Dr. E. W. Laake of the Bureau of Entomology 
and Plant Quarantine fell 7 feet on June 23 when 
the platform, from which he was spraying cattle in 
a chute, collapsed. The accident occurred at Council 
Grove, Kansas, where, in cooperation with the ex- 
tension service of that state, he was demonstrating 
the application of DDT against flies on cattle. 
Since two of his vertebrae were injured, he will have 
to remain in a cast for two months. He expects, 
however, to be able to walk around in about a 
month. 





The Effects of DDT Administered Orally to Cows, Horses, 
and Sheep! 


L. W. Orr, Bureau of Entomology and Plant Quarantine, and L. O. Mort, Bureau of Animal 
Industry, U.S.D.A., Agr. Res. Adm. 


The remarkable toxicity of DDT to a 
wide variety of species of insects has made 
it desirable to obtain information as to its 
possible effects on the health of domestic 
animals when ingested with food. Feeding 
tests to obtain such information were con- 
ducted in November and December 1943 
at the Beltsville Research Center by the 
Bureau of Entomology and Plant Quaran- 
tine and the Bureau of Animal Industry of 
the U. S. Department of Agriculture, in 


tures were recorded twice daily, and any 
signs of abnormality, such as tremors or 
loss of appetite, were noted. 

The quantity of DDT given each ani- 
mal each day was determined by the body 
weight of the animal at the beginning of 
each week. The daily dose for each animal 
was mixed with the ground feed ration or 
administered in capsules or water suspen- 
sion. No DDT was given any of the ani- 
mals on the seventh day of each week. 


Table 1.—Weights of animals and daily doses of DDT administered orally. 








First WEEK 


Seconp WEEK 


Fourta Wrex 


Turrp Week 





Weight DDT 
Nov.2 Nov. 3-8 


ANIMAL Weight 


No. 


DDT 
Nov. 9 Nov. 10-15 


DDT 
Nov. 17- 
22 


Weight 


Weight 
Nov. 23. Nov. 30 


Nov.16 





Kilograms 


Kilograms Grams 


Cows: 


Grams 


Kilograms Grams Kilograms Kilograms 


412.5 
492.3 
273.9 


388. 
444. 
259. 


395. 
479. 
286. 


59.7 
70.0 
25.4 


397 .7 
52.7 468.2 


456.8 45.7 


527.2 


2214 
2301 
2651 


273.6 27.4 254.5 


2261 _ soni 
Horses: 
1371 457.9 45.8 
13873 — — 
Sheep: 
1 50.5 5.0 50.0 
28 55.0 5.5 55.7 
443 44.4 4.4 46.6 


360 - — 


434.1 


65.1 


— 477. 413. 


464.8 
528.4 


436. 
518. 


431.7 
— 543. 


51.1 
61.4 
50.0 
54.5 


7.6 47. 9.: 47. 
5.6 52. . 61. 
7.0 43. . 50. 


52. 10.4 46.6 





consultation with the Food and Drug Ad- 
ministration of the Federal Security 
Agency. 

Procepure.—Cows, horses, and sheep, 
were used as test animals. It was originally 
planned that finely ground technical DDT 
would be mixed dry with ground feed and 
fed to the animals, but it was found that 
certain individual animals soon refused to 
take it in this manner, either because they 
detected its presence or because of some 
toxic reaction resulting in loss of appetite. 
These animals were therefore given their 
respective daily doses by means of a ball- 
ing gun and capsules or by stomach tube. 
The animals were weighed at the begin- 
ning of each week, their body tempera- 


1 This manuscript was prepared and submitted for publication 
early in 1944 but was withheld for security reasons. 


All animals were given a daily dose of 
100 mg. of DDT per kilogram of body 
weight for the first week. During the sec- 
ond week all but two (cow No. 2651 and 
sheep No. 28) were given 150 mg. During 
the third week 200 mg. was given to most 
of them, and three additional animals, one 
of each kind, were introduced into the 
tests. Cow No. 2651 and sheep No. 28 
were kept at 100 mg. and cow No. 2214 
and sheep No. 443 at 150 mg. per kilo- 
gram. The increased amounts were given 
to check on the possibility of a tolerance 
being developed. No DDT was given to 
any of the animals during the last week. 

Resutts.—The animals used in the 
tests, their weights, and their respective 
daily doses of DDT are indicated in table 
1. There was considerable fluctuation in 
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the weights of the animals, part of which 
js normal. The animals all continued to 
eat hay freely throughout the test period, 
but some of them refused to eat ground 
feed after the first few days, so it was nec- 
essary to feed the DDT to some of the 
cows and sheep by means of capsules and 
to the horses by stomach tube. These ani- 
mals recovered their appetites rather 
promptly after the feeding of DDT was 
discontinued, usually within 3 to 4 days. 

The cows were the only animals to show 
symptoms other than the loss of appetite. 
Three of them developed rather marked 
tremors, especially in the hind legs and 
neck, and showed a tendency to lift their 
hind feet as if the leg muscles or feet were 
sore. One cow even developed marked 
symptoms of lameness. They also became 
much more excitable than usual, and their 
eyes assumed a wild or alarmed stare, ex- 
pecially when there was any unusual noise 
or activity in the barn. 

Cow No. 2651 showed slight tremors be- 
ginning about 72 hours after the first feed- 
ing of DDT, but had recovered by the be- 
ginning of the second week. She received 
the 100-mg. daily dose throughout the 3 
weeks feeding: period and maintained a 
good appetite all the time. She was also 
the only cow to eat the DDT mixed with 
her ground feed ration for the full period. 

Cow No. 2214 refused her ground feed 
and began to exhibit tremors m her hind- 
quarters about 48 hours after receiving 
the first feeding of DDT. She developed a 
marked lameness in her left hind leg after 
the third day. She was given DDT in cap- 
sules at the rate of 150 mg. per kilogram 
of body weight during the second 6-day 
period, but did not receive any DDT dur- 
ing the third and fourth weeks. The trem- 
ors had ceased within a week, and the 
lameness had almost entirely disappeared 
by the end of the second week after the 
last DDT was given to her. She ate some 
of her ground feed on the third day, and 
was eating normally by the fifth day after 
receiving the last dose. 

Cow No. 2301 received DDT at the rate 
of 100 mg. per kilogram of body weight 
during the first 6-day period, 150 mg. per 
kilogram during the second 6-day period, 
and 200 mg. per kilogram during the third 
6-day period. She showed loss of appetite 
for part of the first week, but then recov- 
ered and continued to eat her ground feed 
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containing DDT through the second and 
most of the third week, even with the in- 
creases in dose given her. She refused her 
feed the last 2 days of the third week, and 
the DDT was therefore given to her in 
capsules. No tremors were observed, but 
her hind legs seemed to be stiff and sore 
during the third week. She ate part of her 
ground feed ration on the third day after 
receiving the last DDT, and was eating 
normally by the fifth day. 

Cow No. 2261 was added to the test 
group at the beginning of the third week 
and given the 200-mg. dose for 6 days, all 
in capsules. She began to exhibit tremors 
within 48 hours after receiving the first 
dose, and was severely affected by the 
fourth day. She was naturally more excita- 
ble than were the other cows used in the 
experiment. She did, however, continue to 
eat her ground feed ration until the sixth 
and seventh days. On these days she left 
part of what was given to her, and also 
ate only part of her hay and drank only 
about half the usual amount of water. 
This cow was killed for post-mortem, ex- 
amination on the eighth day (November 
24). 

None of the four sheep showed any re- 
action other than a loss of appetite in cer- 
tain individuals. Sheep No. 28 was given 
the 100-mg. dose of DDT mixed with 
ground feed for the full 3-week period, and 
continued to eat and act normally. Sheep 
No. 443 was given DDT for only the first 
2 weeks, at 100 and 150 mg. per kilogram. 
After the ninth day, when this sheep re- 
fused ground feed but continued to eat 
hay, it was fed DDT by means of balling 
gun and capsules. This sheep began to eat 
ground feed again on the second day after 
receiving its last dose of DDT, and acted 
perfectly normal during the fourth week. 
Sheep No. 1 left part of its ground feed 
beginning on the sixth and last day that 
it was given the 200-mg. dose, but recov- 
ered its appetite again 5 days later. Sheep 
No. 360 was given DDT for only 1 week, 
at 200 mg. per kilogram, entirely by means 
of balling gun and capsules, but immedi- 
ately lost its appetite for ground feed and 
had not resumed eating it by the end of 
the next week. It did, however, continue 
to eat hay freely, and, as shown in table 1, 
gained weight during the second week. 

The horses showed no definite nervous 
reaction but lost weight. The DDT was 
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administered by means of a stomach tube, 
because the horses would not eat the DDT 
ground feed mixture. They were accus- 
tomed to eating whole oats, and their re- 
fusal to eat the ground feed was evidently 
not due to the presence of the DDT. They 
were fed whole oats in addition to timothy 
hay. 

Tests ror Presence or DDT ww 
BLoop.—Samples of blood were taken 
from certain of the test animals and from 
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animals. In another test blood containing 
0.2 per cent of potassium oxalate to pre- 
vent coagulation was used, and in this 
case no fly mort«tity ott “hutable to DDT 
was evident. 

Tests ror Pres 
Manvure.— Manure from ne test animals 
and from others that " 4 not received 
DDT was subjected to c. emical and bio- 
logical tests. DDT was isolated from the 
manure by extraction with ether. The 


DDT w 





Table 2.—Results of biological tests for the presence of DDT in blood and manure. 








Houser ies 
PLaceD tn CaGE 

Nov. 25, — — 
8:30 A.M. 


TREAT- 
ANIMAL MENT 


Number 


Mortauity (CumMULATIVE) 
on Nov. 26 


8:30 A.M. 


Per Cent 


PRESENCE OF FLy 
Maacorts tN SAMPLES 
Nov. 29 | 


3:30 P.M. 


Per Cent 


Tests of Blood 


Fed DDT 
No DDT 


50.0 
1.5 


63.4 
19.1 


Tests of Manure 


Fed DDT 
No DDT 
Fed DDT 
No DDT 
Fed DDT 
No DDT 


39.6 
8.8 


Sheep 
Cows 


Horses 


Check! 120 


86.5 Few maggots, a'l dead. 
73.5 Few maggots, living but small. 
98.8 Few maggots, all dead. 
60. Many large living maggots. 
100.0 Few maggots living, all very small. 
64.1 Many large living maggots. 


0.0 





1 Check cage contained milk absorbed in cotton to serve as food, but no blood or manure. 


others that had not received DDT. These 
samples were subjected to chemical and 
biological tests to determine whether any 
of the DDT passed into the blood stream. ! 
They were extracted with benzene, but no 
DDT was isolated from the benzene ex- 
tract. The possibility that DDT might be 
present was not excluded, because at that 
time there was no known good method of 
detecting small amounts of DDT. 

In one of the biological tests blood from 
two cows, one of which had received 
DDT, was placed in screen cages with 
houseflies, to which DDT is known to be 
highly toxic. All cages used in these tests 
contained small dishes with absorbent cot- 
ton soaked in water. The results are given 
in table 2, and indicate the presence of at 
least a small quantity of DDT in the 
blood of a cow (No. 2261) that had re- 
ceived DDT. The blood used in this test 
was defibrinated as it was drawn from the 


1 The chemical tests of blood and manure samples were made 
by E. E. Fleck, of the Division of Insecticide Investigations, and 
the biological tests with the assistance of P. G. Piquett, Division 
of Control Investigations, Bureau of Entomology and Plant 
Quarantine. 


amounts found indicated that a rather 
large proportion of the DDT fed to the 
animals passed through them unchanged. 

The biological tests consisted in placing 
the manure in screen cages containing 
houseflies and allowing them to feed on or 
walk over it. The results of one test in 
which composite samples from the several 
animals of each species were used (table 
2) show definitely that DDT is eliminated 
with the feces. In another test in which 
samples from individual animals were used 
similar results were obtained. 

Errects or DDT on Bopy Tissvrs.— 
Cow No. 2261 was slaughtered on the sec- 
ond day following completion of 6 days 
feeding of DDT at the rate of 200 mg. per 
kilogram of body weight, and a careful 
examination was made of the internal or- 
gans, brain, and spinal cord. Macroscopic 
examination showed rather conspicuous 
subendocardial hemorrhage in the tissues 
of the left ventricle and numerous hemor- 
rhages in the wall of the small intestine. 

Cow No. 2651 was killed December 9, 
17 days after receiving DDT, and cow 
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No. 2301 was killed December 10, 18 days 
after receiving DDT. Both cows on post- 
mortem examination showed lesions al- 
most identice):to.these:freand in cow No. 
2261. 

Three ‘= sp (Nos. 1, 28, and 360) 
and two norttal sheep (Nos. 24 and 31) 
taken from thd same fiock as the test 
sheep were kved for autopsy December 
10, 18 days after the test sheep received 
their last DDT. Two of the three test 
sheep (Nos 1. and 28) showed hemor- 
rhages in the heart valves; the third (No. 
360) appeared to have a normal heart. 
The intestines of all three sheep showed 
numerous scattered hemorrhages. The 
hearts from the two normal sheep showed 
a few petechial hemorrhages, and the in- 
testinal tracts appeared normal. 

One horse (No. 1371) that received 
DDT for the 3-week period, in increased 
doses for each succeeding week, was killed 
for autopsy on December 13, 21 days after 
receiving DDT, and showed extensive and 
what appeared to be old, dark hemor- 
rhages in the wall of the left ventricle. The 
stomach showed some old hemorrhages in 
the fundus. Parts of the small intestine 
were slightly congested and the large in- 
testines appeared normal. The kidneys 
were friable and congested. 

Sheep No. 443 was killed for autopsy on 
January 21, 67 days after receiving DDT 
for 2 weeks. No hemorrhages were found, 
indicating complete recovery from any 
effect that may have been present at the 
end of the treatment period. The two re- 
maining test animals, cow No. 2214 and 
horse No. 1373, were not killed for exami- 
nation. 

Histopathological studies of tissues 
from some of the test animals were made 
by the Food and Drug Administration 
(Nelson et al. 1944) in cooperation with 
the Bureau of Animal Industry. 

Errects or LarGe SINGLE Doses.—In 
an effort to determine the effects of large 
single doses of DDT that might prove fa- 
tal to animals, four additional sheep were 
taken from the original flock and given the 
drug in capsules on December 31. These 
sheep each weighed approximately 62 kg. 
and were given DDT in capsules on the 
basis of 0.5, 1.0, 1.5, and 2 gm. per kilo- 
gram of body weight. Practically no clini- 
cal symptoms were observed except in the 
sheep receiving the largest dose. This ani- 
mal showed evidence of paralysis, trem- 


ors, and a slight diarrhea 24 hours after 
treatment. The second day she showed 
some improvement but still trembled and 
refused feed and water. The third day she 
stopped trembling but refused feed and 
water, and the fourth day she ate grain, 
drank water, and appeared about normal. 
The ewe that had received 1.5 gm. of 
DDT per kilogram of body weight 
dropped a normal lamb about 40 hours 
after treatment; however, neither the ewe 
nor the lamb showed any visible effects 
from the DDT. 

Toxicity or DDT To Sparrows AND 
Picrons.—English sparrows often en- 
tered the barn housing the test animals. 
One of these sparrows was found lying on 
its back on the floor, and was kicking its 
legs and fluttering its wings violently. It 
died within 15 minutes after it was first 
observed. Evidently the bird had eaten 
some of the ground feed containing DDT. 
This observation prompted a test with 
pigeons, in which six caged birds were 
given a very large dose of DDT in mixture 
with their regular feeding mash. Four of 
the six birds died within a week. The re- 
maining two continued to appear normal 
in spite of having eaten at least 10 grams 
of DDT each during the week. 

Conciusions.—The results of these 
tests in which large amounts of DDT were 
administered to cows, horses, and sheep, 
as a dry powder or in water suspension, in- 
dicate that the chemical is not acutely 
toxic. Most of the material is evidently 
eliminated from the body, although small 
quantities may be taken up by the blood 
stream. Hemorrhages are frequently pro- 
duced in the heart and in the lining of the 
intestines. There is usually a marked loss 
of appetite, probably associated with the 
intestinal lesions, which may prove of im- 
portance in keeping animals from ingest- 
ing large quantities of the chemical over 
a prolonged period. The nervous system is 
likely to be affected, although there ap- 
pears to be a marked variation between 
species and between individuals of the 
same species in their susceptibility toef- 
fects from the chemical. 

There is some indication that individual 
animals develop a tolerance to DDT, al- 
though much additional study is needed 
on this and other phases of the problem. 
The effects of DDT dissolved in oils or 
other organic solvents should be deter- 
mined, as it is possible that solutions of 
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the chemical would be much more readily 
assimilated. The results of the present 
tests do not, however, give reason to ex- 
pect any bad effects on domestic animals 


JOURNAL OF Economic ENTOMOLOGY 


Vol. 38, No. 5 


from the proper use of DDT as an inscc- 
ticide when applied as a dust or in water 
suspension.—3-16-45. 
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Larvicidal Aerosols Containing DDT: 


Howarp A. Jones, C. C. Deonter, R. W. Burress and E. F. Kntetine, U.S.D.A., 
Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


Several preparations containing DDT 
(2,2-bis( p-chloropheny])-1,1,1-trichloroeth- 
ane) in liquefied-gas aerosols of the type 
developed by Goodhue and Sullivan 
(1942) have been made and tested as 
anopheline larvicides at the Orlando, Fla., 
laboratory of the Bureau of Entomology 
and Plant Quarantine. The results have 
been encouraging, and this method of ap- 
plication is being studied further for treat- 
ment both from the ground and from air- 
craft. 

In some of the tests presented here 
methyl chloride was used as the carrier 
gas, since it is a better solvent for DDT 
than Freon-12 (dichlorodifluoromethane). 
Auxiliary solvents have been used in this 
work, and fatty acids were added in some 
tests to increase the nonwettability of the 
particles. 

Lasoratory Tests.—The preliminary 
indoor tests were conducted in a room 
40,000 cubic feet in size. Pans or jars for 
holding larvae were set at various dis- 
tances from the aerosol cylinder and, with 
nozzle about a foot above the floor and di- 
rected toward the containers, the aerosol 
was released. Larvae of Anopheles quad- 
rimaculatus Say were used. 

In the first test three pans were set out, 
10, 20, and 30 feet from the cylinder. A 
dosage of 7.5 grams of DDT was released. 
After 2 hours the pans were removed from 
the room and 20 larvae were placed in 
each pan. All larvae were dead in 24 hours. 
In a second test with the same preparation 
four pans, 30, 40, 50, and 60 feet from the 
cylinder, were treated in the same way 

' This work was conducted under a transfer of funds, recom- 
mended by the Committee on Medical Researcn, from the Office 


of Scientific Research and Development to the Bureau of 
Entomology and Plant Quarantine, 


except that a dosage of 4.05 grams of 
DDT was used and the aerosol was al- 
lowed to settle only 1 hour before larvae 
were introduced. Again the mortality in 
24 hours was 100 per cent. 

Another preparation was tested indoors 
to determine the resistance of the deposit 
to artificial rain. The test jars containing 
water 1 inch deep were placed in pairs at 
various distances from the nozzle. The 
dosage was 6.0 grams of DDT, and the 
aerosol was allowed to settle for an hour. 
One jar of each pair was immediately 
given an artificial rain of 6 inches in Smin- 
utes and, in most cases, two subsequent 
rains. The other jar was given one similar 
rain after 3 days. Six inches of water was 
siphoned off prior to each rain after the 
first, the siphon being held high enough 
to avoid siphoning over dead larvae and 
material on the bottom of the jar. Twenty 
larvae were introduced into each jar at 
various intervals after the aerosol treat- 
ment. Mortality was determined 48 hours 
after introduction of the larvae. The re- 
sults are given in table 1. 

It will be noted that the dosage was 
sufficient to give 100 per cent mortality at 
60 feet without rain. At 40 feet 100 per 
cent mortality was obtained following the 
second rain after 8 days. In one jar 30 feet 
away complete mortality was obtained 
both immediately following a rain after 17 
days and again 10 days after this rain. The 
water siphoned off from these jars just be- 
fore the rain on the eighth day also gave 
100 per cent mortality, indicating that 
sufficient DDT was suspended or dis- 
solved in the water to be toxic. Conse- 
quently the experiment does not furnish 
conclusive evidence of the lasting qualities 
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feet. Nearly 100 per cent control was ob- 























SCC 
ater aerosol used. However, other tests indi- tained. A comparative test with a stand- 
cate that, if siphoning is repeated be'ore ard pyrethrum aerosol bomb, containing 
rain tests, as in the present case, the liquid _pyrethrins and sesame oil in Freon-12, ap- 
drawn off at first is toxic, while that drawn plied over an area of 1000 square feet at 
off later is nontoxic although larvae intro- a dosage of 0.2 pound of pyrethrins per 
} r duced _ ~ = continue to be killed, acre gave only about 62 per cent control. 
7 sumably by the surface deposit. 
Prats ‘Tests.—Tests with various Table 1<riiiect of artificial reine on mestalty 
al 4 of anopheline larvae following treatment with 
DDT aerosol formulas applied from the ppt aerosol. 
ground were made under natural field con- 
ditions. Per Cent Mortauity or Larvas at Inpt- 
. Distance or catep IntervaL arrer Arrosot Treatment! 
In the first test a pond of approximately ——_ Jans, ix Feer, 
6000 square feet in which Anopheles saa Seem ep yr Roo Bee ee es 
erucians Wied. was breeding was divided ——— a ee moar 
into two parts. An area of 2500 square - \ 100 R100 — 100 -- _ 
of feet at one end, which had an average pop- - ‘Rw we Ree Rw we 
ob ulation of 2.5 larvae per dip, was treated | 100 R100 100100 90 
vet with 20 grams (0.1 pound per acre) of Pe { B 100 m4 R100 R is M 
rm DDT in a liquefied-gas aerosol, most of eae: =F - 
the material being released from the up- 60 ot 2 Pee 
ae wind margin of the pond. One hundred ie 
sit dips made the following day showed 100 “'sen{pe "te" ‘ 4 - 9 . 
1g per cent control. An equal number of dips — —_—__—_—— 
at on the remaining 3500 square feet, which soo lateness artificial rain immediately before larvae were 
* was down-wind from the treated area and ay 
F originally had 3.3 larvae per dip, showed Adapting aerosols to application from 
ne a control of 98.8 per cent. One week after an airplane appears to be particularly 
™ the application the treated area had only promising. Preliminary tests have shown 
. 0.1 larva per dip while the adjacent down- _ this method to give good results. 
it wind area had an average of 1.5 per dip. Summary.—Liquefied-gas aerosols have 
= In a second test an aerosol containing been found to offer possibilities as a 
o DDT was released, at the rate of 1 pound method of applying DDT for control of 
‘ per acre, over a hyacinth ditch of 1870  anopheline larvae. In laboratory tests 
h square feet. After 1 week only 1 small complete mortality of larvae was obtained 
| larva was found in 40 dips in the treated up to 60 feet from the point of release of 
y area, whereas the population in the check the aerosol. When fatty acids were in- 
t area had increased from an average of 2.4 corporated in the aerosol, the deposits re- 
i larvae per dip to 5.1 per dip. At the end of maimed effective after several artificial 
‘ 2 weeks the larval population was 0.37 _ rains. 
: per dip in the treated area and 1.7 in the Tests were made of several DDT aero- 
check. sol formulas applied from the ground un- 
: In another test a DDT aerosol was used der field conditions. Practically complete 
at 0.1 pound per acre on two ponds, one _ kills of anopheline larvae were obtained 









of 1500 and the other of 9750 square 
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Kansas, following a four months’ leave of absence in 
Bermuda for the study of insects attacking the 
Bermuda cedar. 


Dr. Ralph L. Parker, Department of Entomology, 
Kansas State College and Kansas Agricultural 
Experiment Station, returned July 1 to Manhattan, 









DDT Sprays Mechanically Dispersed for Control of 
Anopheline Mosquito Larvae' 


C. B. Wisecup, R. W. Burreni, and C. C. Deonter, U.S.D.A., Agr. Res. 
Adm., Bureau of Entomology and Plant Quarantine? 


The synthetic organic insecticide DDT, 
' 1-trichloro-2,2-bis(p-chloropheny]) ethane 
is so toxic to anopheline mosquito larvae 
that it promises to be a powerful weapon 
for use against mosquitoes that carry ma- 
laria and other diseases. It has been shown 
(Deonier et al. 1945) that exceedingly 
small quantities of this material will give 
control of the larvae. A dosage of 0.1 
pound of DDT per acre is at least as ef- 
fective as 1 pound of paris green, and only 
1 quart of a 5 per cent solution of DDT in 
petroleum oil will give as satisfactory con- 
trol as does the 20 or 30 gallons of oil nor- 
mally applied for such purpose. 

The conventional methods of spray ap- 
plication are not suitable for the eco- 
nomical application of the small amount 
of DDT that is required for mosquito con- 
trol. Even if only a 1 per cent solution in 
oil is used, an acre requires but 5 quarts, 
and it is difficult to apply even this amount 
evenly over an acre with present equip- 
ment. Greater dilution would require the 
transportation and application of large 
quantities of oil, and much of the control 
could probably be attributed to the oil 
alone. Emulsions containing DDT have 
been made which may be diluted with 
water and thus give a greater volume of 
material for more even distribution, but 
the application of large quantities of a 
weak emulsion would require considerable 
time and labor. 

Preliminary tests showed that a satis- 
factory control of larvae could be ob- 
tained from the use of aerosol bombs con- 
taining DDT by drifting the aerosol across 
the breeding areas. This method is not 
practicable at the present time owing to 
the scarcity of metal containers and of the 
Freon-12 (dichlorodifluoromethane) pro- 
pellent. The search for a substitute for the 
self-propelled aerosol led to the use of the 
mist type of sprays as applied with vari- 
ous kinds of available field equipment. 


’This work was conducted at Orlando, Fla., under a transfer 
of funds, by the Committee on Medical Research, from the 
Office of Scientific Research and Development to the Bureau of 
Entomology and Plant Quarantine. 

* The authors are indebted to Edward Nottingham for active 
assistance in conducting work reported in this paper. 


EXPERIMENTAL PROcEDURE.—AIl the 
tests reported herein were conducted on 
natural breeding areas in central Florida. 
Such areas consisted mainly of fairly open 
ponds and borrow pits containing mixed 
populations of Anopheles quadrimaculatus 
Say and A. crucians Wied. Dipping rec- 
ords were obtained from several stations 
at each test location before a treatment 
was applied and again after 24 hours to 
determine the initial degree of larval re- 
duction. 

Advantage was taken of whatever 
breeze was present to drift the mists 
across the breeding areas parallel to the 
long axis of the pond or swamp. The dis- 
tance from each sampling station to the 
point of application was measured to de- 
termine for how great a distance control 
had been obtained. In many cases the test 
area was too small to determine the maxi- 
mum limits of the drift, and it is probable 
that control would have been satisfactory 
for much greater distances than were re- 
corded. 

Several solvents for the DDT were uti- 
lized in these tests. Acetone, cyclohexa- 
none, and gasoline are so extremely vola- 
tile that the liquid probably evaporated 
very quickly, leaving the DDT drifting as 
a dry powder beyond 100 feet. The ma- 
jority of the tests were conducted with 
No. 2 fuel oil, since this material will 
probably be used extensively as a solvent 
by the armed forces. 

In the initial tests of drifting sprays the 
applications were made with a hand ato- 
mizer (paint sprayer), air pressure being 
supplied from an attached hand-pumped 
cylinder. Later tests with a larger ato- 
mizer (power paint sprayer), operated by 
a portable gasoline-powered air pump, 
were very satisfactory but required the 
services of two men. The simplest device 
for atomizing the sprays was a large 
chemical sprayer of the Flit-gun type, but 
this was inadequate for areas of more than 
an acre. The most efficient method of 
treating large, rather inaccessible breeding 
areas was the use of the decontamination 
type of spray cylinder or the knapsack 
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sprayer. Sprays sufficiently fine to drift Resutts.—Some very striking results 
with light breezes can be producedwith have been achieved by these methods of 
knapsack and decontamination spray applying larvicides, as shown in table 1. 
cylinders by using nozzles with 56- to 60- In test 248 the gasoline-powered atomizer 
gage orifices in the discs and a whirl plate. was utilized to drift a mist containing 5 


Table 1.—Results of field tests of mechanically dispersed mists containing DDT for the control 
of Anopheles larvae. 








Per Cent Repuction at Stated Distances 

CoNCEN- FROM PoInt oF APPLICATION 
TRATION DosaGE -— 
OF Test AREA OF 50 100 150 200 300 400 500 600 
DDT VEHICLE Nu MBER TREATE p DDT feet feet feet feet feet feet feet feet 








Per Cent Seunve Pounds 
Feet r Acre 


Atomizer—hand powered 


Xylene emulsion 229 8,400 0.1 
230 2,200 
242 15,750 


Xylene emulsion 235 10,000 
239 26 , 250 


Fuel oil 241 6,900 
Kerosene 234 17,750 


Cyclohexanone 231 35,000 
Acetone 232 30 ,000 


Cyclohexanone 278 25,500 


Atomizer—gasoline engine 
Kerosene 240 80, 400 04 100 


Fuel oil 248 86 , 400 J 100 100 100 
252 78,750 Jl 100 97 
283 90,000 16 98 96 60! 


Chemical sprayer 
Fuel oil 243 39 , 600 1 98 
254 40 , 500 a 99? 


5 100 
100 


Gasoline 244 9,000 
246 3,120 


1 
1 


Cyclohexanone 280 45 ,000 a 
281 12,750 2 100 


Decontamination spray cylinder 
Fuel oil 250 49 500 .05 95 
5 100 
5 98 92 
5 100 94 


Fuel oil 14,400 0 
323 , 400 0 
287 , 100 l 

63 ,000 1 
60 , 000 e 
50,625 25 


* © 20 20 2 2 
SD or or or 
~e Ore & +) 


Knapsack sprayer 
Fuel oil+lube oil f 66 , 060 1 


Fuel oil 37 ,400 a 





lhrough heavy vegetation. 

* Application from all sides of pond. 
' Very strong wind, about 20 m.p.h. 
‘ Variable breeze. 
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per cent of DDT in fuel oil over a long, 
narrow, open pond, with perfect control 
for the full distance of 600 feet. Probably 
the most outstanding results were secured 
in test 251, where the mist spray from a 
decontamination cylinder was dispersed 
over nearly 7 acres of Pontederia swamp, 
9} quarts of the 5 per cent DDT in oil so- 
lution being used. This application, at the 
rate of 0.15 pound of DDT per acre, gave 
perfect control over the entire swamp area 
L.e., over a distance of 700 feet from the 
point of application, except for an occa- 
sional live larva at the distant edge. 

In contrast to the many excellent re- 
sults achieved by drifting the mist spray, 
only two near-failures were recorded. In 
test 284, with fuel oil containing 5 per cent 
of DDT im a spray cylinder, the percent- 
age of control fel! off decidedly beyond 
200 feet. In test 275, with a mixture of 
fuel and lubricating oils containing 5 per 
cent of DDT in a knapsack sprayer, the 
effective distance was only 100 feet. In 
both cases the wind was very gusty and 
variable. The prevailing breeze appears to 
be the limiting factor in the utilization of 
drifting sprays. 

Discussion .—Drifting small quantities 
of mist-type sprays containing rather 
concentrated amounts of DDT presents a 
method of controlling anopheline larvae 
that saves time, labor, and materials. 
Many breeding areas that are difficult to 
reach by conventional methods may read- 
ily be treated in this way. In areas where 
breeding is occurring in small depressions, 
such as hoofprints, wheel ruts, or pot 
holes, a high degree of control can be ex- 
pected by drifting mists in sufficient 
amount to blanket the entire area for sev- 
eral hundred square feet. It is probable 
that such area treatment would also be 
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very effective in the outdoor control of 
adult mosquitoes, as Lindquist et al. (un- 
published data) have demonstrated the 
value of DDT sprays against adults. 

This method of application is limited by 
climatic factors. The upwind side of a 
breeding area must be accessible. With 
variable winds, swaths of wider than 50 to 
100 feet wide cannot be depended upon. 
High winds have prevented fine sprays 
from settling properly, drifting them be- 
yond the area to be treated. This can be 
corrected by using sprays with larger 
droplets. 

In utilizing this method of applying 
larvicides containing DDT, it is essential 
that well-trained and observant operators 
be available, since the small amount of 
material must be evenly applied within a 
very short time over a relatively large are. 

Summary.—Tests were conducted on 
natural breeding areas to determine the 
effectiveness of drifting mists containing 
DDT as a means of control for Anopheles 
larvae. It was demonstrated that such 
finely dispersed sprays could be drifted, 
under favorable conditions, for several 
hundred feet across open areas with re- 
sulting satisfactory control. Such a 
method of application can utilize the 
various types of equipment that are availa- 
ble to the armed forces, such as decon- 
tamination cylinders, knapsack sprayers, 
chemical sprayers, and paint sprayers. 
Mechanically dispersed mists should be 
of especial value in area treatments where 
pot holes, hoofprints, wheel ruts, and 
other small depressions provide scattered 
breeding places for Anopheles larvae, or 
in breeding areas that are difficult to treat 
because of depth of water or for other 
reasons. 4-27-45. 
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The Larvicidal Action of DDT on 
Anopheles quadrimaculatus' 


Joun D. Mapte,? U.S.D.A., Agr. Res. Adm., 


Soon after the discovery of DDT (1-tri- 
chloro-2,2-bis(p-chlorophenyl)-ethane) as 
a mosquito larvicide at the Orlando, Fla., 
laboratory of the Bureau of Entomology 
and Plant Quarantine, studies were com- 
menced to determine how DDT affects 
the larvae of Anopheles quadrimaculatus 
Say and how a toxic dose is acquired from 
the various methods of application. 

The symptoms of DDT poisoning in 
Anopheles quadrimaculatus are excessive 
swimming along the water surface and 
occasional tremors, followed by sinking. 
Since anopheline larvae normally lie at the 
surface of water, they sooner or later at- 
tempt to return to this position, but any 
success is only temporary. With each ef- 
fort the larvae become weaker and the 
height attained in the water correspond- 
ingly decreases until they are no longer 
able to rise. Tremors become more fre- 
quent and violent, and death occurs after 
several hours. Since the larvae are unable 
to respire atmospheric air, drowning ap- 
pears to be the ultimate cause of death. 
Experiments were therefore undertaken to 
determine (1) whether poisoning by con- 
tact and ingestion is possible, (2) in what 
manner a toxic dose is usually acquired, 
and (3) whether DDT of itself is lethal. 

The larvae were obtained from the large 
colony maintained at this laboratory. 
Early fourth instars were used exclusively. 
The larvae selected were as nearly uni- 
form as possible and were rinsed in dis- 
tilled water prior to use. All tests were 
conducted in a room maintained at tem- 
peratures between 76° and 80° F. 

INGESTION EXPERIMENTS.—A larva was 
placed in a drop of water just large enough 
to support it in the normal position. Un- 
der a binocular dissecting microscope a 
crystal was picked up with a moistened 
needle and placed in the feeding stream 
directly in front of the head, so that it was 
swept directly into the mouth. The larva 


' This work was conducted under a transfer of funds, recom- 
mended by the Committee on Medical Research, from the Office 
of Scientifie Research and Development to the Bureau of Ento- 
mology and Plant Quarantine. Acknowledgment is made to 
Edna EF. Hinchey for assisting in the observations and compila- 
tion of data, and to C. C. Deonier, project leader, and Howard A. 
Jones, « my ty suggestions and criticisms. 
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was carefully watched to observe the pass- 
ing of the crystal through the foregut, to 
make sure of no bodily contact other than 
at the mouth, and to verify the ingestion. 
The last was particularly important, for 
particles that were too large were rejected. 
Sixty larvae were thus fed DDT. All de- 
veloped the characteristic symptoms and 
died. Nine were dissected after death and 
crystals removed from the midgut. The 
same crystals were fed to other larvae, and 
they too developed the symptoms and 
died. 

For observations on the ingestion of 
DDT when applied in oil, forced feeding 
was employed. Oil could not be introduced 
into the feeding stream, for it would 
spread sufficiently to engulf the larva. The 
larva was placed on filter paper to remove 
excess moisture. A capillary tube contain- 
ing 1 per cent of DDT in No. 2 fuel oil was 
touched to the oral region as the larva lay 
on its back. Invariably the mouth parts 
began working the moment oil ran out of 
the capillary. The passing of oil through 
the foregut was readily discernible when 
the oil was dyed with anthraquinone blue. 
Of 35 larvae thus treated all showed 
symptoms of poisoning. In only 3 larvae, 
however, was the oil clearly confined to 
the oral region as well as ingested. In a few 
cases no al was perceptible in the diges- 
tive system. It is possible that contact in 
the oral region may have had some toxic 
effect. Nevertheless, it is reasonable to 
conclude that DDT ingested in oils is 
ethal. 

Fuel oil alone in the amounts used was 
not particularly toxic. In one test the 10 
larvae treated were apparently normal 
after 22 hours. In another 7 out of 9 were 
alive after 48 hours, even though more 
than half the time had been spent on wet 
filter paper. In a third test 5 larvae were 
fed an excess of oil, so that their stomachs 
were one-quarter to one-half full. All but 
1 were normal in 48 hours, and the oil was 
no longer present in the intestinal tract. 
The other, though alive, was in a weak- 
ened condition and still contained oil. 

Contact Expertments.—A capillary 
tube containing 1 or 5 per cent of DDT in 


~ 
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dyed fuel oil was touched to the first ab- 
dominal segments of larvae prepared as 
in the ingestion experiments. As quickly 
as possible, usually in a minute or so, the 
larvae were returned to water, removed 
by dropper to a fresh rinse, and again 
transferred before being placed in the final 
container. Unless it was absolutely certain 
that no oil had entered the mouth or 
spiracles, the larva was discarded. Of 20 
larvae subjected to fuel oil alone, only 1 
failed to survive. When a 5 per cent solu- 
tion of DDT was used, symptoms usually 
developed at once. Ten larvae were dis- 
sected for evidences of oil, but none was 
found anywhere within the larvae. When 
a 1 per cent solution was used, 4 out of 10 
larvae were killed in one test and 7 out of 
10 in another. The other larvae were un- 
affected. The failure to kill all the larvae 
is readily attributable to low dosage and 
too short an exposure period. These tests 
leave little doubt that DDT in oil can kill 
by contact alone. 

No satisfactory technique to determine 
the effect of DDT crystals touching the 
body surface has yet been developed. The 
problem is to prevent larvae from eating 
particles or dislodging them from their 
bodies. A small degree of success was ob- 
tained by placing a single long, narrow 
crystal transversely on the thorax of each 
larva confined to moist filter paper. Three 
out of ten larvae retained theirs for the 
desired periods. None were affected. The 
first had been exposed for 2 hours and 30 
minutes and the other two for 5 hours and 
45 minutes. 

This does not necessarily indicate that 
DDT in particulate form cannot serve as 
as a contact poison. One large particle 
provides less contact surface than numer- 
ous small ones, and the maximum expo- 
sure may have fallen short of the time re- 
quired to absorb a toxic dose; or suscepti- 
bility may be localized in other regions of 
the body. Larvae are supported by the 
“notched organs” of the thorax and the 
palmate hairs and spiracular shields of the 
abdomen, and would therefore come in 
contact with a surface dust at these points. 
Any or all may be sensitive to DDT, and 
as a direct consequence the larvae would 
sink. However, since anopheline larvae 
feed almost continuously while remaining 
fairly stationary at the surface of the wa- 
ter, and one tiny particle taken internally 
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is lethal, it is highly probable that the 
larvae are destroyed, primarily at least, 
by ingestion of DDT rather than by con- 
tact with it. 

Tests at Fietp Dosaces.—A 1 per 
cent solution of DDT in dyed fuel oil was 
applied to pans at rates of 1 pound and 0.1 
pound of DDT per acre. Dyed fuel oil 
alone was applied at the rate equivalent 
to that required for 1 pound of DDT. 
Each of the 20 larvae used for a treatment 
was examined as affected for the location 
of the dyed oil. All those exposed to the 
heavier dosage contained oil in the main 
tracheal trunks, but only 1 had any within 
the midgut. All those exposed to fuel 
oil alone had oil in their tracheal trunks, 
and 4 had some oil in the midgut. At 0.1 
pound of DDT applied in oil solution no 
larvae had any oil in the tracheae and 3 
had ingested small quantities. Larvae are 
known to be little affected by such small 
amounts of oil without DDT. It is con- 
cluded that 1 per cent of DDT in fuel oil 
usually acts as a contact poison and occa- 
sionally as a stomach poison at a dosage 
of 0.1 pound per acre. With the larger 
quantities of oil necessary to obtain | 
pound of DDT per acre, asphyxiation due 
to toxic properties of fuel oil itself is the 
important factor. 

No progress has been made in determin- 
ing the action of dusts. As mentioned 
earlier, because of its extreme toxicity 
when taken internally and because of the 
feeding habits of the larvae, presumably 
DDT im a dust kills primarily as a stom- 
ach poison. 

Errects or DDT on Larvar.—It was 
suspected death of larvae exposed to DDT 
was caused ultimately by drowning. Most 
of the experiments heretofore discussed 
were designed to determine the validity of 
this hypothesis. After exposure, or as soon 
as affected, larvae were transferred to wet 
filter paper. This was done to prevent 
drowning by keeping the spiracles ex- 
posed to the air, but the spasms were so 
violent that larvae were often found dead 
on their backs the following morning, with 
spiracles submerged in a film of water at 
the edge of the petri dish. A number of 
larvae, however, died in the upright posi- 
tion and a few survived for periods con- 
siderably longer than expected when suffi- 
cient water was available for drowning. 
In one test in which 20 larvae were ex- 
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po ed to a suspension containing 1 p.p.m. 
of DDT, all sank within 75 minutes. They 
were then rinsed and transferred to wet 
paper. Twenty-four hours later eight 
larvae were still alive, though only two 
were able to rise to the surface in water. 
At the end of 48 hours seven were alive, 
but only one could surface. In another 
test 12 larvae were fed single crystals of 
DDT and placed on wet paper. After 24 
hours seven were alive, five of which were 
able to surface in deep water. The crystals 
dissected from each of two larvae able to 
surface killed other larvae to which they 
were fed. In still another test 11 larvae 
were fed a large number of crystals and all 
died, whereas of 11 larvae fed a single 
crystal one was alive and able to surface 
in deep water at 48 hours. In larvae that 
died heart action in the posterior of the 
abdomen was always the last v sible sign 
of life. Heart action often did not cease 
for more than 24 hours after the first 
tremors appeared. 

The doses administered to these larvae 
are most certainly fatal in the presence of 
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ample water in which to drown. During all 
laboratory work with DDT in any form, 
decomposition of larvae commenced well 
within 24 hours after a larva sank for the 
last time. Small quantities of DDT may 
upset nervous equilib ium sufficiently to 
‘ause drowning. Larger dosages may com- 
pletely derange all nervous reactions, the 
ultimate result being fatal. 

SumMMARY.—DDT was found to act on 
anopheline larvae as a nerve poison, dis- 
organizing their movements so that they 
could not retain contact with the water 
surface. The toxic dose could be obtained 
either by contact or by ingestion. Because 
of the feeding habits of the larvae, a sur- 
face application is usually ingested. How- 
ever, only a short exposure to DDT in oil 
solution was toxic by contact. Death re- 
sulted from drowning even when sub- 
lethal dosages were given. Heart action in 
the posterior of the abdomen was always 
the last visible sign of life and often did 
not cease for more than 24 hours after the 
first tremors appeared.—4-22-45. 


Trials with DDT on Potatoes, Cabbage, and Squash’ 


Wuus N. Bruce? and Oscar E. Tauper, Iowa Agricultural Experiment Station, Ames 


During the summer of 1944 experiments 
were conducted in the Insectary gardens 
at Ames, Iowa, with DDT dusts (dichloro- 
diphenyl-trichloroethane) on potato, cab- 
bage, and squash to observe the degrees 
of insect control effected. In some cases 
the currently recommended dust treat- 
ments were included for comparison with 
the DDT. 

DDT Protection ror Porarors. As a 
result of extremely heavy rainfall, the 
first plantings of potatoes were washed 
away and buried. A second planting of 
Irish Cobbler potatoes was made on May 
31, and used as test plants. The potatoes 
were planted in a latin square arranged 
for five treatments, each with five replica- 
tions. Each plot consisted of four rows of 
potatoes with nine hills in each row. Each 
unit was separated from its neighbors by 
a five foot path. By using canvas barriers 
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in these wide paths, drifting of the dusts 
was prevented, to a large extent. A hand 
rotary duster, set to deliver 50 to 60 
pounds of dust per acre, was used in all 
applications. The nozzle of the duster was 
turned upward and the dust applied from 
both sides of the row to insure good cover- 
age of the undersides of the leaves. Five 
applications were made at approximately 
ten day intervals during the summer. 
Treatments, with respective mean yields, 
were as follows: 3 per cent DDT, 83.7 lbs.; 
1 per cent DDT, 77.2 lbs.; 0.25 per cent 
DDT, 68.8 Ibs.; 325 mesh dusting sulfur, 
61.0 Ibs.; control, 49.3 Ibs. These results 
were highly significant with an F value of 
11.27, surpassing the 1 per cent (4.77) for 
4 and 16 df. 

The sulfur effectively controlled the few 
potato leafhoppers, Empoasca mali Le- 
Baron, present. The control plots did 
show a marked hopperburn late in Au- 
gust, whereas the other plots revealed 
none. Because the late planted potatoes 
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missed the first hopper migration, the leaf- 
hopper population was not very great un- 
til very late in the season. 

During the growing season there was a 
substantial number of aphids, Macro- 
siphum solanifolii Ashmead, on all plots 
except those dusted with 3 per cent and 1 
per cent DDT. The potato fleabeetle, Epi- 
trix cucumeris Harris, was also abundant 
enough to cause some damage on all plots 
except the ones dusted with 3 per cent 
DDT. These observations indicate why 3 
per cent DDT plots gave the largest yield; 
namely, because this treatment controlled 
the three pests observed to be present in 
the other plots. One per cent DDT plots 
showed a light fleabeetle infestation and 
an extremely light infestation of aphids 
and leafhoppers. 

A peculiar reaction was shown in an in- 
creased inflorescence of those potatoes 
dusted with 3 per cent DDT. 

Conc.usions.—1. Three per cent DDT 


dust not only controlled the potato leaf- 
hopper, but also controlled the potato 
fleabeetle and the potato aphid. Three per 
cent DDT dust gave the best protection 
and the highest yield, nearly 70 per cent 


increase over the control. 

2. One per cent DDT dust did not give 
adequate control of the fleabeetle, but was 
quite effective in control of the leafhop- 
per, and severely checked the potato 
aphid. 

3. DDT dust at a concentration of 0.25 
per cent did effect some reduction in the 
population of leafhoppers and aphids. 
Whether this was a repellent result was 
not determined. 

4. Sulfur was effective in the control of 
the leafhoppers. 

5. DDT im the concentrations used 
showed no apparent phytotoxicity to the 
Irish Cobbler potato. 

DDT Conrrot or_ Pieris rapae.— 
Late flat Dutch cabbage plants were 
planted in a latin square for five treat- 
ments and five replications. Each replica- 
tion represented a plot of eight hills. The 
treatments consisted of 0.25 per cent 
DDT, 1 per cent DDT, 3 per cent DDT, 
derris (1 per cent rotenone), and a con- 
trol. Six applications of each treatment 
were made at 10 to 14 day intervals during 
the growing season. The dust was di- 
rected from above into the whorl of each 
head from a hand rotary duster set to de- 
liver 50 to 60 pounds per acre. All plots 
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were harvested at the same time when 
nearly all heads had reached marketable 
size. 


Table 1.—Summary of data from cabbage 
treatments. 








Rorte- 
x DDT DDT wnone Con- 


1% 0.93% 1% = Tror 





Ave. wt. head. 


(Pounds) 5.52 5.40 4.44 5.25 3.95 





Per cent reduction in 


leaf area." 0.0 0.75 1.07 0.74 11.5 





—o. 5% reduction in leaf area 

iage damage =3% reduction in 

(1% to 5 Prem. Medten foliage da =8% re- 

eovien | in leat area (6% to 10% range). Severe foliage oo 
age = 18% reduction in leaf area (11% to 25% range). 


' Very slight foliage Shae 
3% to Ree 


An analysis of variance of the cabbage 
yields indicated a significant difference 
between treatments, with an F value of 
3.56, surpassing the 5 per cent point (3.01) 
for 4 and 16 df. 

The cabbage worm damage seemed to 
be largely the work of one species, the im- 
ported cabbage worm, Pieris rapae. The 
foliage injury produced by the larvae was 
estimated at harvest time and the weight 
taken for each of the 200 heads. The above 
table indicates the average damage per 
head in each plot; also, the average 
weight of the heads for each treatment. 
No chlorosis or burning was produced by 
DDT dusts on the cabbage plants during 
the season. 

Conc.iusions.—1. One per cent DDT 
was as effective as 3 per cent DDT in the 
control of the imported cabbage worm in 
this experiment. 

2. DDT dust at a concentration of 0.25 
per cent did not give satisfactory control, 
although it was better than no treatment. 

3. There was some indication that 1 per 
cent DDT was slightly more efficient in 
the control of cabbage worm that 1 per 
cent rotenone dust. 

4. Average foliage damage and average 
yield correlated directly in this experi- 
ment. 

5. DDT dusts used in this experiment 
did not damage or burn the cabbage plants. 
DDT anv THE Squasu Vine Borer. 
Two varieties of squash were planted: 
Chicago Warted Hubbard and the New 
Improved Buttercup. The Hubbard 
squash were planted in a latin square for 
six treatments and six replications. In 
both varieties one hill#of four plants rep- 
resented a plot. Dusts were applied with 
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a hand rotary duster set at 50 to 60 Ibs. 
per acre. To msure good coverage, the 
operator walked around each hill while 
dusting. Five applications were made dur- 
ing the summer at 10 to 14 day intervals. 
All squash were harvested at the same 
time. Obviously immature fruits were not 
included in the marketable weights. 

Treatments and respective mean yields 
of Hubbard squash were as follows: 3 per 
cent DDT, 81.0 Ibs.; 1 per cent DDT, 39.6 
lbs.; 0.25 per cent DDT, 38.7 lbs.; 1 per 
cent rotenone, 40.4 lbs.; 8 per cent 
Ca;(AseOs)2 in gypsum, 26.2 lbs.; control 
10.4 lbs. These results were highly signifi- 
cant with an F value of 19.77, surpassing 
the 1 per cent point of 3.86 at 5 and 25 df. 

Treatments and mean yields of Butter- 
cup squash were: 3 per cent DDT, 52.2 
lbs.; 2 per cent DDT, 438.2 lbs.; 1 per cent 
DDT, 27.5 lbs.; 0.5 per cent DDT, 21.5 
lbs.; 0.25 per cent DDT, 20.5 lbs.; 8 per 
cent Cas(AS.O5)2 in gypsum, 21.9 Ibs. All 
untreated control plants of this variety 
were so severely injured that no marketa- 
ble squash were produced. The treatments 
of Buttereup squash also gave significant 
differences with an F value of 3.84, sur- 
passing the 5 per cent point (2.66) at 6 and 
18 df. 

The population of squash bugs, Anasa 
tristis DeG., and striped and spotted cu- 
cumber beetles, Diabrotica vittata and D. 
12-punctata, was noticeably low through- 
out the summer. The squash vine borer, 
Melittia satyriniformis Hbn., population 
was, on the other hand, extremely heavy. 
Vines of the sweeter-fruited Buttercup 
variety seemed especially attractive to 
the moth, and, consequently, suffered 
greater damage when not thoroughly pro- 
tected. No wilting was observed on plots 
dusted with 3 per cent DDT. Wilting of a 
moderate nature occurred on_ plots 
dusted with 1 per cent rotenone, 1 per 
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cent DDT, and 0.25 per cent DDT. Plots 
treated with 8 per cent Cas(AseOQs)s 
showed moderate to severe wilting. All 
control plots of Hubbard squash were 
severely wilted, two plots never recover- 
ing sufficiently to set any fruit. All control 
plots of Buttercup squash were virtually 
eliminated by borers, so no yield can be 
given for them. It is quite evident that the 
3 per cent DDT treatment gave very good 
protection from the attack of the squash 
vine borer. Very few of the plants treated 
with 3 per cent DDT showed signs of 
borer frass and not one of the vines 
showed any sign of wilting during even the 
hottest days. The protection by 3 per cent 
DDT may have been in part a repellent 
action. DDT did not damage the Hubbard 
and Buttercup plants involved in this ex- 
periment, but some Acorn squash in an 
adjacent plot was chlorotic and stunted 
by 3 per cent DDT dust. Certain musk- 
melon varieties also seemed adversely af- 
fected by treatment with DDT. 

Concuusions.—1l. Two and three per 
cent DDT dusts were the best concentra- 
tions used in this experiment for control of 
the squash vine borer. 

2. Neither 1 per cent rotenone nor 8 
per cent calcium arsenate dusts were as 
effective as 3 per cent DDT. 

3. Three per cent DDT dust gave 
nearly complete control of the squash vine 
borer. The absence of wilting and frass, 
and the great increase in yield revealed the 
degree of protection offered by 3 per cent 
DDT. 

4. Neither the Hubbard nor Buttercup 
varieties of squash exhibited any foliage in- 
jury from DDT treatment. However, 
Acorn squash and some muskmelon varie- 
ties, not included m these experiments, 
but dusted with DDT, were retarded in 
development, especially during the 
earlier periods of growth.—4-5-45. 





A. J. Fresut Now witsu NIAGARA 
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Mr. A. J. Flebut, recently a vice-president of the 
Association and Chairman of the Pacific Slope 
Branch, has become Western Manager of the ac- 
tivities of the Niagara Sprayer and Chemical Co. 
He will be in charge of the activities of the Company 
in the Pacific Coast States which are included in our 
Pacific Slope Branch. 





Grub Control on Dairy Cattle in the Northeast’? 


Joun G. Marruysse, Cornell University, Ithaca, N.Y. 


The control of grubs in dairy cattle in 
the northern portion of the United States 
presents a far different problem from grub 
control on range beef stock. The primary 
loss to dairymen is probably lowered milk 
production resulting from the activities of 
the adult fly, with losses in meat and hides 
secondary. The cattle are usually treated 
in the barn during early spring when it is 
too cold to apply water base sprays or 
washes safely to dairy animals. The cattle 
are mostly short haired, and the infesta- 
tions primarily on young stock. Most 
work on grub control has been done on 
beef cattle, under southern or western 
conditions. In order to obtain immediate 
data under New York conditions the ex- 
periments reported on here were begun 
in the winter and spring of 1944. The ex- 
periments were designed to compare wet- 
table sulfur and pyrophyllite as diluents 
for rotenone, to determine the effective- 
ness of phenothioxin and yam bean in 
cattle grub control, to determine whether 
two treatments would significantly reduce 
grub populations, to determine if DDT 
as a leg spray would prevent infestations, 
and finally, to demonstrate to dairymen 
that financial benefits ensue from practi- 
cal grub control, mainly through the pre- 
vention of “‘gadding”’ of milking stock. 

All work except some of the DDT 
spraying was done in Clinton County, the 
most northerly county in New York 
State, where cattle grubs are a serious 
problem every year. The infestations 
were primarily Hypoderma bovis De Geer, 
but approximately 20 per cent of the live 
grubs were found to be Hypoderma linea- 
tum (De Villiers). Treatment of grubs in 
the backs was restricted to dusting as this 
appears to be the only practical, rapid 
method for dairy cattle under cold 
weather conditions. The dusts were ap- 
plied from shaker jars and lightly worked 
into the haircoat by hand. The dosage 
varied from 1} to 2 ounces per head. 
Treatments were made during the first 

! This is a report on an investigation carried on by the De- 
partment of Entomology, of the New York State College of 
Agriculture under a tell »wship provided by the Agricultural 
Department of the Texas Gulf Sulfur Company, Houston, Texas. 

? The invaluable assistance of Dr. H. H. Schwardt, Mr. R. F. 


Pendleton, and Mr. Clearhos Logothetis in applying dusts and 
counting grubs is gratefully acknowledged. 


week in April, and counts taken seven 
days later. In making mortality counts al] 
grubs were squeezed out. Those evidently 
dead were counted and discarded. Grubs 
seemingly alive were examined under a 
microscope to verify their condition. Ta- 
ble 1 presents the data on dust mixtures 
and the mortalities achieved. In scme 
cases it was impossible to determine the 
instar of badly decomposed grubs; these 
were listed as “dead cysts.” 

It can be seen from the table that 
neither yam lean nor phenothioxin offer 
promise for control of cattle grubs. The 
mortalities were extremely low, hardly 
higher than the normal death rate of un- 
treated grubs. 

After rotenone dusting the mortality of 
small grubs (¢d instar) was lower in all 
cases than the mortality of 3d_ instar 
grubs. Evidently the cyst apertures were 
too small for entrance of a sufficient quan- 
tity of insecticide. A second treatment 
before these grubs have matured is neces- 
sary. It is also evident that treatment is 
not to be recommended until many of the 
grubs have moulted to the 3d instar. 

Pyrophyllite appears to be a more ef- 
ficient diluent than wettable sulfur in 
cattle grub rotenone dusts. The mortality 
of both 3d and 2d instar grubs was 
appreciably higher when pyrophyllite was 
used. In fact Pyrar ABB dust containing 
1.05 per cent rotenone was superior to 
the wettable sulfur dust with 2.1 percent 
rotenone. The difference is possibly due 
to the fact that pyrophyllite sifts down 
into the hair coat and into the cysts more 
readily than does the wettable sulfur, and 
to the less hygroscopic nature of the pyro- 
phyllite. The humidity in dairy barns in 
early spring is usually very high, the 
wettable sulfur as a result mats and sticks 
in the hair coat more than does pyro- 
phyllite. 

The mortality of 3d instar grubs was 
not significantly higher after dusting with 
1:1 cube Pyrar ABB than it was after 
dusting with 1:3 material. The kill of 
2d instar grubs was somewhat higher, 
but the total mortality including dead 
cysts was only slightly higher for the 1:1 
dust. It is considered that this slightly im- 
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creased kill is insufficient to warrant the 
yse of a 1:1 dust. Since a second treat- 
ment is necessary in any case, it is thought 
that the 1:3 dust is satisfactory. 

The herds dusted in the above work 
were scattered over a large area, and many 

stured close to untreated herds. Never- 
theless many of the owners considered 
that this singgle treatment had reduced an- 
noyance frém the attacks of the adult 
flies. It was not possible to accurately de- 
termine the populations or activities of 
the adults. 
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herds outside the area, and the opinions 
of the herd owners as to amount of “‘gad- 
ding” of stock were also obtained. Table 2 
presents the data from these observations. 

The results obtained were excellent. 
There was almost no fly activity in the 
area during the late spring and summer. 
The cattle pastured unmolested all day 
and were seldom driven into the brush by 
the attacks of warble flies. In all previous 
years cattle in the area spent much time 
in the brush during sunny weather and 
often had to be driven out to get them into 


Table 1.—Clinton County « cattle grub control work summary table. 











NuMBER paar Gruns 
Heap TREATED 


Treats (ApPRoxiMATE) Dead 


MATERIAL 
Cube * Pyraz ABB 
C be Wettable Sulfur 
cae Pyraz ABB 


( we Wettable Sulfur 126 


1:3 
7 bean, Tale 19 


pias chiosin Bentonite 38 
1:1 


Ixeran U1 


Alive 





Instar II 
Deap** Tora. 
_Mortality Crsts Mortauity 


Mortality Dead Alive 


90.8% 143 73 


72.8% 101 
88.6% ‘ 132 
69.6% 116 
20 
20 





* All cube contained 4.2% rotenone. 


** These were cysts containing dead rubs of undeterminable instar. 


One year later many of these herds 
were examined for grub infestations and 
compared to untreated herds in the im- 
mediate vicinity. No significant differ- 
ences in populations could be found. Ap- 
parently this one treatment was insuf- 
ficient to greatly reduce grub populations, 
and the proximity of untreated herds fur- 
ther reduced the value of such treatment. 
In order to demonstrate the value of 
cooperation among herd owners, a small 
intensive dairy area of about four square 
miles was selected and all stock to be pas- 
tured in the area treated twice for grubs. 
Treatments with 1.05 per cent rotenone 
dusts were applied during the first week of 
April, and the first week of May. A total of 
440 infested cattle in 16 herds were treated. 
One hundred twenty-three more cattle, 
mostly old cows, were not treated as no 
grubs were present. Counts of grubs on all 
heifers, cows, and bulls were taken before 
dusting, and one year later. Counts were 
also made on eight undusted herds con- 
taining 274 cattle in the near vicinity but 
off the control area, to obtain an estima- 
tion of the normal grub population. The 
inciaence of warble fly activity during the 
late spring and summer was observed 
both on the control area, and on the check 


the barn at milking time. Later in the 
season warbles did chase the cattle some, 
but not seriously. These undoubtedly came 
from grubs maturing in the backs in late 
May and June subsequent to the last 
treatment. 

Warble fly attacks were of average in- 
tensity on the check undusted herds off 
the area, so that the improvement within 
the selected area was undoubtedly the re- 
sult of the treatment. 

It can be seen by table 2 that the grub 
infestations a year after dusting were less 
than in the same herds the year of dusting, 
and less than on the check undusted herds 
off the area. Heifers averaged 20.7 grubs 
and cows 2.9 grubs before dusting, and 
only 8.4 and 0.7 respectively a year later. 
The check heifers off the area the second 
year had 19.5 grubs and the cows 1.9 
grubs. The checks were an indication 
that grub populations were similar both 
years on undusted herds. 

Dairy cattle in New York state are 
usually turned out in early May. In most 
cases the young stock are not brought into 
the barn again until fall. Treatment after 
the stock are turned out to pasture is thus 
often not feasible. Some grubs continue 
to come up in the backs of cattle during 
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June and July, and even into August, but the eggs, or the larvae before boring into 
the majority reach the 3d instar by the legs. The heifers were sprayed in the 
early May. The results of the area basis barn, as late as possible before being 
work indicate that good control can be turned out to pasture. The spraying in 
obtained by two treatments. These should most cases was done with a small paint 
then be timed so that the second is as spray gun and compressor, in a few cases 
late as possible before stock are turned out a small hand sprayer was used. Thirty- 
to pasture, and the first about one month _ six heifers that ran on pasture all summer 


Table 2.—Area control campaign against cattle grubs. Ellenburg, N. Y.—1944-45. 








Ewp or Marca 1944 Env or Marcu 1945 
No. Av. No. Av. No. Av. No. Av. No. Av. Noe. Av. 
of No. of No. of No. of No. of No. of No. 
Heifers Grubs Cows Grubs Bulls Grubs Heifers Grubs Cows Grubs Bulls Grubs Fires 1944 Scuwes 
Dusted herds 4 12 1 30 Few all onan 
on the : s 2 4 Few all season 
1 





3 Few all season 
Few early, more late 
No flie: 
Few early, more late 


control area 


Few all season 
Few early, more late 
Almost no flies 
Few early, more late 


Few all season 
Few all season 


oie ho eee oe oe 


Totals and 





Flies bad all season ps 


Check herds 
near 

Ellenburg, 
meee off 


the control 
area. 


Flies bad all season 


— 


Moderate number of flies 


Flies bad al] season 


Sue e~w8~) 


Moderate number of flies 


eS re | “Peon mma nonene 
~ 

| 

| 


| 
| 


| 


Totals and 
Averages 


> 
a“ 
— 
— 
— 





1 Heifers pastured off the control area. : 
2 Owner squeezed out all late grubs, pasture very isolated. 


earlier. In mich of New York State in with the test animals were left unsprayed 
normal years this would mean treatments for checks on the normal grub population. 
the first week in April, and the first week The following formulae were used: 
in May. There will be some “gadding” of 1. Solution in acetone, 5°% technical 
stock late in the season, and a consider- DDT. 
able population of grubs (such as the 8.4 2. Solution in oil, 5 g. technical DDT, 
average per head on the control area) re- 32 g. Velsicol AR50, 63 g. cattle 
maining, but the degree of control at- spray base oil. 
tained would seem to more than warrant Emulsion, stock emulsifiable mix- 
the labor and expense involved in the ture; 100 g. technical DDT, 300 g 
treatments. xylene, 100 g. Triton NE. Emulsi- 
In early May, 1944, 53 heifers in six fied in water to 2, 3, and 4% actual 
herds were sprayed with various DDT for- DDT. 
mulations to determine whether this ma- 4. Suspension, 2 and 3% actual DDT 
terial showed promise for prevention of from Geigy Neocid A20. 
cattle grub infestations. The cattle were The results are given in table 3. Tests 
sprayed on the legs and underside of the were run on the Cornell herd, on two 
body, the normal areas for egg deposition. _ farms in Cayuga County, and on three 
It was thought that perhaps this spray farms in Clinton County. In no case was 
deposit would remain effective for several there a significant reduction in the num- 
months after the heifers were turned out _ ber of grubs in the backs of sprayed heifers 
to pasture, and kill either the adult flies, a year after treating. The number of 
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Table 3.—DDT leg spraying for prevention of grub infestations. 








AMOUNT 
PER 
Heap 


SPRAY 
5% in acetone 50 ml. 
5% in oil 35 ml. 
4% emulsion 80 ml. 
4% emulsion 125 ml. 
Unsprayed 
2% emulsion 35 ml. 
Unsprayed 
2% emulsion 80 ml. 
Unsprayed 


250 ml. 
150 ml. 


2% suspension 
4% emulsion 
Unsprayed 

2% suspension 250 ml. 
Unsprayed 
3% suspension 200 ml. 
Unsprayed 


6 Heifers 


3% suspension 250 ml. 


Unsprayed 


6 Calves 


NUMBER 


HeEIrers 


Numper or Gruss 1 YEAR 
AFTER SPRAYING 
OF _—— 


Maximum Minimum Average 


20 1 4 
15 1 9 
17 0 2% 
32 0 7 
18 0 0 


12 0 2 
1 3 


0 
0 


0 
0 
1 


5 15. 
15 17. 


0 2.5 
3 3.5 


85 72. 
55 50 52. 





grubs in the backs was extremely varia- 
ble, and there were often more grubs in the 
backs of sprayed heifers than in the backs 
of the control unsprayed heifers. Thus 
none of the formulae tested are of any 
value in cattle grub control. 

During the course of the grub experi- 
ments a number of observations were 
made bearing on the general problem. It 
is important in evaluating grub popula- 
tions to separate the heifers and the cows 
as the heifers are always much more 
heavily infested than the cows. Young 
milkers that were bred heifers during the 
pasture season must be considered as 
heifers. The most serious impediment to 
accurate work on cattle grubs is the ex- 
treme variations encountered. Herds un- 
der apparently similar conditions in a 
limited area will often show great differ- 
ences in infestations. Animals within a 
single herd show great variation in popu- 
lations. In the case of heifers of the same 
age running together all season on the same 
pasture it is the usual occurrence for 
some to have populations of 50 to 100 or 
more grubs, and others absolutely none. 
Mature cows very seldom were seriously 
grubby, most carrying less than five grubs, 
but now and then for some unknown rea- 
son a cow would be encountered with a 


large number of grubs. Cows that were 
dry and running with the heifers the en- 
tire pasture season usually have more 
grubs than cows that were milking, but 
not nearly as many grubs as heifers. 
There was also great variations in the 
mortalities observed under apparently 
identical conditions. As a result of these 
numerous sources of variation it is very 
necessary to use large numbers of cattle 
and large numbers of grubs in any work 
on these pests. 

A survey conducted on 110 dairy farms 
indicated that both Hypoderma lineatum 
and Hypoderma bovis are abundant in all 
sections of New York. H. bovis appears 
to be more abundant in the Hudson 
Valley and central New York, while H. 
lineatum is more abundant in western 
and northern New York. The first grubs 
are noticeable in the backs of cattle in 
February. The first grubs mature in late 
March or early April. The majority of 
grubs emerge from cysts in late April and 
May, but continue to emerge through 
June and July and even into August. 
Adults are on the wing, “gadding”’ stock, 
mainly in June and July, but some late 
flies are active in August. Larval matura- 
tion and fly activity does not seem to oc- 
cur later in the season in the Champlain 
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Valley of northern New York than it 
does in central and western New York. 
These activities do occur slightly earlier 
in the Hudson Valley. 

Summary.—The probable primary loss 
to dairymen by cattle grubs is lowered 
milk production, especially during periods 
of warble fly attacks. The only practical 
control is two dustings, the last just be- 
fore cattle are turned out to pasture, and 
the first about a month earlier. Rotenone 
is the only known effective insecticide. 
Pyrophyllite is a more efficient diluent 
than wettable sulfur. A dust composed of 
1 part cube and three parts of Pyrar ABB 
gives satisfactory control. Increasing the 
concentration to 1 part of each does not 
seem to warrant the added expense. A 
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small area was selected and all cattle 
within this area treated once in April and 
once in May with the 1:3 dust. There was 
a very appreciable decrease in incidence 
of warble fly attacks in the area, and 
counts a year after treating showed a 
marked decrease in grub populations, 
Sprays containing DDT applied to the 
legs and undersides of the bodies before 
turning the cattle out to pasture in the 
spring were found to be of no value. 
Notes are added on the seasonal ac- 
tivities of cattle grubs in New York 
and on the extreme variations in popula- 
tions to be encountered. Because of these 
extreme variations it is necessary to use 
large numbers of cattle and grubs in ex- 
periments on warble control.—4-15-45. 


The Control of Tobacco Thrips on Seedling Peanuts 


F. W. Poos, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


Definite evidence that the widespread 
diseaselike injury to peanuts commonly 
known as “pouts” is caused by the to- 
bacco thrips, Frankliniella fusca (Hinds), 
has been previously reported (Poos*1941) 
with a description of the injury. Since the 
term “‘pouts” has also been applied to the 
stunting of peanut seedlings due to other 
agencies, the injury caused by the tobacco 
thrips should be designated as thrips in- 
jury (Shear & Miller 1941), for the sake 
of accuracy. Prior to 1944 attempts to 
control this insect on peanuts with weekly 
applications of the usual sprays of tartar 
emetic and brown sugar, rotenone, or 
nicotine, or with sulfur, pyrethrum, or 
nicotine dusts, were unsuccessful. No 
measure of the damage caused to peanuts 
by this insect had been obtained, there- 
fore, although it seemed probable that the 
injury by the tobacco thrips might cause 
a significant reduction in yield. 

No practical method of determining 
populations of the tobacco thrips on seed- 
ling peanuts has been found. Most of the 
injur is apparently caused by the imma- 
ture forms within the folded leaflets, and 
various degrees of injury are evident 
during the course of their development. 
Young seedling plants frequently have 
all the leaflets killed before they open, 
and the growing tips appear shriveled and 


blackened as if scorched by fire. As the 
plants become older the thrips seem to 
attack them less severely, and the leaflets 
that open up show varying degrees of 
gnarling and curling. 

The experiments reported herein were 
conducted at Beltsville, Md., during 1944 
for the purpose of measuring the damage 
caused by the tobacco thrips and develop- 
ing insecticidal measures for controlling it. 
Although Beltsville is not in an area where 
peanuts are produced commercially, this 
location was selected because young pea- 
nut plants there are heavily infested with 
the tobacco thrips, whereas the important 
diseases (the Cercospora leaf spots and 
the southern wilt caused by Sclerotium 
rolfsi) occur only rarely, if at all, and 
therefore were not disturbing factors in 
the experiments. The tobacco thrips in- 
fests all peanut plants in a field so uni- 
formly that this phenomenon borders on 
the mysterious. This uniformity of attack 
makes it comparatively easy to obtain re- 
liable data from small lots. 

Two field-plot experiments were con- 
ducted, each plot being 2 rods long and 
five rows wide, with one row omitted be- 
tween the five-row areas. The seed was 
planted on May 27, and harvesting was 
completed on October 10. The treatments 
were replicated six times in one experi 
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Table 1.—Yields of peanuts (vines and pods) from plots treated to control the tobacco thrips at 


Beltsville, Md., 1944. 








—_ 
=— 


ToTaL 
GREEN 
Weicut with Cueck 


TREATMENT 


Pounds 


INCREASE 
IN YIELD AS 
CoMPARED 
Dates or TREATMENT 


Per Cent 


Experiment 1, six replications 


Check 498 

Pyrethrum powder impregnated with 3% of 
“petroleum hydrocarbons (pyrethrins 0.5%) 

DDT 10%, cyclohexanone 10%, lubricating oil 
10%, acetone 20%, methyl chloride 50% 
(supplied in aerosol “bombs” by L. D. - 
Goodhue) 

10% DDT-pyrophyllite 252 gm., sodium oley! 
sulfate with synthetic resinous sticker 14 
teaspoonfuls, water 1 gal. (DDT 0.66%) 

Tartar emetic 9.07 gm., brown sugar 18.14 gm., 
water 1 gal. 

2% DDT-pyrophyllite dust 


535 


637 


659 


605 
649 


Difference required for significance at 
odds of 19 to 1 103 
Experiment 2, 
Check 401 
10% DDT-pyrophyllite 252 gm., sodium oley! 
sulfate with synthetic reinous sticker 1} tea- 
spoonfuls, water 1 gal. (DDT 0.66%) 
2% DDT-pyrophyllite dust 
Sulfur not te than 97.5%, remaining material 
inert (98-100% through 325 mesh) 
Tartar emetic 50 gm., brown sugar 100 gm., 
water 600 ml. 


Difference required for significance at odds of 
19 to 1 


-— Untreated 


7.4 June 8, 12, 16, 23, 26, July 3, 7 


June 8, 12, 16, 20, 26, 30, July 4, 8 
June 7, 12, 16, 20, 26, 30, July 4, 8 


June 7, 12, 16, 20, 26, 30, July 4, 8 
June 8, 12, 16, 23, 26, July 3, 7 


five replications 


— Untreated 
June 7, 12, 16, 20, 26, 30, July 4,8 
June 8, 12, 16, 23, 26, July 3, 7 
June 8, 12, 16, 23, 26, July 3, 7 


June 7, 12, 16, 20, 26, 30, July 4, 8 





ment and five times in the other. The 
dusts were applied with a good rotary 
hand duster and the sprays with a knap- 
sack sprayer, except for the concentrated 
tartar emetic and brown sugar spray, 


Table 2.—Summary of analyses of variance.' 








DEGREES 
OF 


FrREEDOM VARIANCE 


Source oF VARIATION 


Experiment 1 
Between treatments 5 
Between blocks 5 
Experimental error 25 


2731.76 
701.49 
200 . 64 


Experiment 2 
Between treatments 4 
Within treatments (experi- 
mental error) 20 


9855.84 


167 .03 





' The writer is indebted to F. M. Wadley for guidance in the 
app ation of statistical methods to the experiments reported in 
this paper. a 

27 he indicates that variation between treatments was signifi- 
cantly greater than that due to error (random variation). 

I his indieates that variation between treatments was very 
significantly greater than random variation. 


which was applied with a 1-quart hand 
spray gun. The aerosol was applied by 
means of a three-nozzle row-crop dis- 
penser, constructed by the Engineering 
Department of the University of Mary- 
land (Smith et al. 1945). Since one of the 
main objectives of these preliminary ex- 
periments was to eliminate thrips injury 
completely from treated plots in order 
to obtain a measure of the reduction in 
yield by comparison with untreated plots, 
no attempt was made to determine the 
minimum number of insecticide applica- 
tions necessary for satisfactory control. 
Because many of the pods do not ma- 
ture in the latitude of Beltsville, Md., the 
yield of each plot was determined by the 
green weight of the entire plants, includ- 
ing pods and vines, from 1 rod of each of 
the five rows, taken approximately 8 feet 
from each end of the plot. Previous tests 
on the control of the potato leafhopper, 
Empoasca fabae (Harr.), conducted in the 
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peanut-growing section of Virginia, 
showed that treatments that gave an in- 
crease in the weight of entire peanut 
plants at digging time also gave significant 
increases in the yield of field-cured pea- 
nuts. Data on treatments and yields are 
given in table 1. A brief summary of the 
analyses of variance is presented in table 
2, and indicates that the measure of con- 
trol obtained with DDT (1-trichloro-2,2- 
bis(p-chlorophenyl)ethane) is statistically 
significant. 


Fic. 1.—Representative peanut plants harvested 

from plots at Beltsville, Md., October 7, 1944. Left, 

3 untreated plants; right, 3 plants treated June 8 to 

July 7 with 2 per cent DDT dust to control the 
tobacco thrips. 


The maximum increase of 35 per cent in 
yield (the average increase obtained with 
the 0.66 per cent DDT spray in the two 
experiments) shows a significant amount 
of injury caused by the tobacco thrips. 
The results of these two experiments in- 
dicate that the damage caused to the 
peanut crop by the tobacco thrips is of 
sufficient economic importance to justify 
considerable expense in the control of this 
insect. It seems evident that little, if any, 
of the increase in yield was due to the 
control of other insects, such as the potato 
leafhopper. The potato leafhopper does 
not normally attack peanuts in injurious 
numbers until after the major attack by 
thrips has subsided. Two applications of 
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sulfur dust, July 26 and August 9, were 
made on all plots to control the potato 
leafhopper. 

No injury to the plants by thrips was 
evident in the plots treated with the three 
formulas containing DDT, whereas the 
plants in the untreated plots were severely 
injured in the seedling stage and had not 
equaled the treated plants in growth at 
harvest. (Fig. 2) The data indicate that 
control of the thrips may be practicable 
under average weather conditions by two 
or three applications at weekly or 10-day 
intervals of a dust containing 2 per cent 
or less, a spray containing 0.66 per cent 
or less, or an aerosol containing 10 per cent 
or less, of this insecticide. Comparatively 
small dosages of these materials would be 
required to treat seedling peanuts. Atten- 
tion is also called to the results obtained 
with formula 7, a concentrated tartar 
emetic-brown sugar formula. It appears 
unusual that such a small amount of this 
material, approximately 2 gallons per acre 
at each application, would give the meas- 
ure of control indicated. It should be 
emphasized that the tests reported here 
were conducted on soil of less than average 
fertility and for only one season. There- 
fore, further tests must be conducted in 
the commercial peanut-growing areas, 
where yield data can be based on shelled 
peanuts, instead of the entire plants at 
digging time, before recommendations for 
the application of insecticides for the con- 
trol of the tobacco thrips can be made. 

Samples of plants from the plots treated 
with the DDT were collected at digging 
time in an attempt to determine the 
residues remaining on the plants. The 
dried samples were submitted to the Divi- 
sion of Insecticide Investigations, Bureau 
of Entomology and Plant Quarantine, for 
analysis, which showed the following parts 
per million of DT present: 0.66 per cent 
spray, 20.5; 10 per cent aerosol, 30; and 
2 per cent dust, 34. Because of the small 


icable to determine how much DDT was 
pplied per acre.—4-23-45. 


ji of the plots treated, it was not prac- 
t 
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Laboratory Tests of Insecticides for Tobacco Moth 
and Cigarette Beetle 
Joseru N. Tennet, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


The tobacco moth, Ephestia elutella 
(Hbn.), and the cigarette beetle, Lasio- 
derma serricorne (F.), are serious pests of 
cured tobacco. The tobacco moth is pri- 
marily a pest of flue-cured and Turkish 
leaf tobacco, but the cigarette beetle at- 
tacks almost all types of leaf tobacco as 
well as manufactured tobacco products. 
About one-half of all flue-cured tobacco is 
stored in open-type warehouses, which 
cannot be satisfactorily fumigated. For 
several years the principal control meas- 
ure used in these warehouses has been 
dusting with pyrethrum. In a search for a 
more efficient method, numerous tests 
have been made at Richmond, Va., with 
contact insecticides applied as aerosols or 
as dusts and sprays. 

All the spray and dust tests, and most 
of the tests with aerosols, were made in a 
modified Peet-Grady chamber at room 
temperatures (70° to 90° F.) and room 
humidities. The chamber was made of 
plate glass and measured 2 by 2 by 5 feet. 
Newly emerged adult tobacco moths and 
cigarette beetles, 25 of each, were used in 
each test. There were 8 replicates made of 
the tests with dusts and sprays. The tests 
with aerosols! were of a more exploratory 
or preliminary nature and, therefore, were 
not replicated. All the insects were reared 
in the laboratory under identical condi- 
tions of food, temperature, and humidity. 
They were selected at random and were 
as uniform as could be expected. In some 
experiments eggs of the tobacco moth 
were also exposed. 

For each test a sheet of clean white 
blotting paper was placed on the floor of 
the chamber. The insects were liberated 
in the chamber, and exposed to the insec- 
ticide for 30 minutes. The insecticide was 
sprayed or dusted through small ports in 
the end of the chamber. The ports were 
then closed for 15 minutes and at the end 
of this time they were opened and the 
chamber was air-washed by means of a 
ventilating fan for 15 minutes. 

The chamber was opened, the insects 


These tests were made in cooperation with L. D. Goodhue, 
Diy ision of Insecticide Investigations. 


removed immediately, and transferred to 
wire-gauze cages for observation. After 
each test the chamber was carefully wiped 
out with an absorbent cloth. When DDT 
was used (which has a pronounced re- 
sidual action) the chamber was cleaned 
with a solvent oil and thén carefully 
washed with soap and water. 

ArRoso_ts Mabe with LIquEFieD Gas. 

Mixtures of different insecticides with 
liquefied gas (equal parts of dichlorodi- 
fluoromethane and methyl chloride) held 
under pressure, were released into the 
test chamber through an oil-burner type 
of nozzle. Approximately 1.3 grams of the 
aerosol was released per second at a pres- 
sure of 65 pounds per square inch. In each 
test, in addition to the adult tobacco 
moths and cigarette beetles, 50 tobacco 
moth eggs were exposed. The mortality of 
the tobacco moths was recorded at the 
end of 2 days, and the cigarette beetles 
after 5 days. 

Results presented in table 1 show that 
eight of the materials tested gave 100 per 
cent mortality of the tobacco moth. Four 
of these materials contained pyrethrum; 
the others were butyl thiocyanate, a meth- 
ylated naphthalene, acrylonitrile, and 
bromoform. None of them gave satis- 
factory control of the cigarette beetle, and 
only a few showed any effective ovicidal 
action. 

Arrosots FormMep sy Heat.—Tests of 
a preliminary nature were made in a closed 
room with a commercial preparation con- 
taining 14 per cent of nicotine alkaloid in 
a combustible powder. This material, 
when ignited in a partially closed con- 
tainer, develops sufficient pressure to gen- 
erate a nicotine aerosol. 

Some of the test insects were confined in 
wire-gauze cages and removed after dif- 
ferent periods of exposure, whereas others 
were released in the room and examined 
after 30 minutes exposure. 

Results presented in table 2 show that 
at the dosages tested this aerosol was only 
moderately effective against the tobacco 
moth and was ineffective against the cig- 
arette beetle. 
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Table 1.—Effect of certain aerosols made with liquefied gas (equal parts of dichlorodifluorometh 
and methyl chloride) on the tobacco moth and the cigarette beetle. 1942. “— 








INSECTICIDE 


Experiment 1 
Pyrethrins 8 mg. plus sesame oil 208 mg. 
Pyrethrins 100 mg. 


Pyrethrins 100 mg. plus light oil of kerosene type 2.5 gm. plus 


sesame oil 200 mg. 
Methylated naphthalene 3 ml. 
None (check) 
Experiment 2 


Pyrethrins 100 mg. plus isobutylundecylenamide 500 mg. 


Butyl thiocyanate (80% pure) 500 mg. 
Fenchyl thiocyanate 500 mg. 
Laury! thiocyanate 500 mg. 
Acrylonitrile 3 ml. plus oleic acid 100 mg. 
None (check) 

Experiment 3 
Chloretone 500 mg. 
Styrene dibromide 500 mg. 
Diphenylene oxide 500 mg. 


Mortauity or— _ —~—— InNcusBation 

LiquE- — OF 
riep Tobacco Cigarette Topacco 
Gas! Moth Beetle Morn Ecos 








Grams Per Cent Per Cent Per Cent 
13 100 56 52 
ll 100 64 62 


10 100 52 42 
13 100 20 4 
_— 28 8 58 


10 88 68 8 
13 100 8 30 
13 92 16 62 
ll. 52 24 2 

8 100 12 14 
~ 48 


11 60 
12 46 
13 20 


2-chloroethy! 2-(2,4,5-trichloropheny!) ethyl ether 500 mg. 12 46 


Prickly-ash distillate 500 mg. 
None (check) 
Experiment 4 
3-Chloroacenaphthene 500 mg. 
Dibenzothiophene 500 mg. 
Bromoform 2 ml. 
Pyrethrins 50 mg. plus rotenone (crystals) 50 mg. 
None (check) 


13 j 50 
—— 68 


13 76 
13 80 50 
13 100 52 
12 100 32 
_ 10 5 48 





1 In the first test in Experiment 1, dichlorodifluormethane was used without methyl chloride. 


Sprays AND Dusts.—Sprays for the 
tests were atomized at 30 pounds pres- 
sure, and dusts were blown into the cham- 
ber at the same pressure. A record was 
made of the number of insects moribund 
at the end of 24 hours, the number of 
tobacco moths dead after 3 days, and the 
number of cigarette beetles dead after 5 
days. All tobacco moths and cigarette 
beetles unable to fly or crawl after 3 or 5 
days, respectively, were arbitrarily con- 
sidered dead. 

In testing each insecticide, no more 
than one test a day was made of any one 
material. No more than five materials 
were tested in any one day. 

The diluent used for all sprays was a 
light volatile oil of the kerosene! type. 
Sprays were applied at the rate of 75 ml. 
per 1000 cubic feet and dusts at 3 ounces 
per 1000 cubic feet. The results are pre- 
sented in table 3. 

Under the conditions of these tests it is 
believed that a minimum moribundity of 

1 Manufacturers’ analysis: A.P.I. gravity 46.0 min.; sp. gr. 


max., at 60° F., 0.797; Sabolt viseosity, 30 seconds; flash point 
(Tag), occurring average, 175° F.; colorless, no kerosene odor. 


90 per cent in 24 hours is necessary to 
indicate control sufficiently effective to 
justify further research. On this basis only 
three of the materials tested—pyrethrum 
in oil (the standard of comparison), DDT, 
and the methylated naphthalenes—were 
capable of producing the desired results. 

The results obtained with DDT are 
noteworthy. This material was effective 


Table 2.—Effectiveness against the tobacco 
moth and the cigarette beetle of a heat-generated 
aerosol of nicotine. 1943. 








Tosacco Morn 


Moribund Mortality 
after after 
24Hours 3 Days 


Dosage 1 pound in 4600 Cubic Feet 
Minutes Per Cent 
1 96 88 0 
5 100 96 0 
30 88 S4 0 
30! 85 90 0 
None (check) 0 16 

Dosage, 1 pound in 14, 

1 56 56 


5 64 

30 76 

30! 86 
None (check) 0 


Croarette Beerie 


Moribund Mortality 
after after 
24 Hours 5 Days 





Exposure 





0 
Cubic Feet 
4 





1 Insects not caged. 





August 1945 


against the tobacco moth at all strengths 
tested. The 5-per cent strength was ap- 
proximately 50 per cent effective against 
the cigarette beetle in 24 hours, and when 
the 10-per cent strength was used the ef- 
fectiveness increased to 62.5 per cent. 
The methylated naphthalenes were ef- 
fective against the tobacco moth but not 
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di- and tri-methylnaphthalenes were as 
effective against the tobacco moth as was 
the standard pyrethrum-oil spray (0.2 per 
cent of total pyrethrins). However, ex- 
periments in 1944 indicated that tobacco 
sprayed with the methylnaphthalenes re- 
tained a highly objectionable naphthalene 
odor. This fact is sufficient to mark the 


material as unsuitable for use in con- 


against the cigarette beetle. The mixture 
trolling insects in stored tobacco. 


of mono- and di-methylnaphthalenes and 


Table 3.—Relative effectiveness of certain sprays and dusts against the tobacco moth and the ciga- 
rette beetle, 1943. (8 replications) 








Toxsacco Mora CIGARETTE BEETLE 





Moribund Mortality 
after after 
24 Hours 3 Days 


Per Cent 


Moribund Mortality 
after after 


INSECTICIDE 24 Hours 5 Days 








Per Cent Per Cent Per Cent 
Nicotine dust (2.8 per cent nonvolatile and 3 per cent vola- 

tile nicotine) ‘ 70 3. 15 
Nicotine bentonite dust (14 per cent nonvolatile nicotine) ; 63. 17. 16. 
Pyrethrum powder (0.8 per cent pyrethrins) € 72. 29. 16 
Nicotine alkaloid in tobacco dust (5 per cent volatile nicotine) ° 75 14 10. 
Impregnated pyrethrum dust (0.5 per cent pyrethrins) .d 84. 42. 21. 


Check (undusted) 25. 2 7. 


Pyrethrum extract plus phenoxathiin in oil (0.1 per cent 

pyrethrins and 8.5 per cent phenoxathiin) ; 90. 15 21. 
Phenoxathiin 10 per cent in oil 79. 20 30 
Pyrethrum extract (0.1 per cent pyrethrins plus 2-chloroethy] 

2-(2,4,5,-trichlorophenyl) ethyl ether 3.5 per cent in oil 93 ; 30. 
Check (unsprayed) 23 21 


Pyrethrum extract in oil (0.2 per cent pyrethrins) } 95. 36 
Pyrethrum extract (0.02 per cent pyrethrins) plus isobutyl- 

undecylenamide 4 per cent in oil 91 ’ 40 
Butyl thiocyanate 8 per cent in oil 5 81 28 
Methylated naphthalene 50 per cent in oil 62. 26. 
Methylated naphthalene 50 per cent plus butyl thiocyanate 

1.6 per cent in oil 83. 26. 
Check (unsprayed) 13 : 24 
Pyrethrum extract (0.1 per cent pyrethrins) plus butyl thio- 

cyanate 4.8 per cent in oil , 24. 
A methylated naphthalene 97. : 23. 
Isobutylundecylenamide 2 per cent in a methylated naph- 

thalene { 98 35. 
DDT 3 per cent in oil { 4 ; 44 
DDT 5 per cent in oil : . 65. 
Check (unsprayed) ’ 3. 15. 19 


A mixture of mono- and di-methylnaphthalenes 98. 99. : 29. 
A mixture of di- and tri-methylnaphthalenes 98. ‘ 31. 
Methylated naphthalene plus butyl thiocyanate 4 per cent § 99 . 42 
DDT 5 per cent plus butyl thiocyanate 4 per cent in oil 99 64. 
DDT 10 per cent in oil (DDT dissolved in acetone) 97. 98. 89. 
Check (unsprayed) 2 4. , 23. 
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Tests of Ingredients of Grasshopper Baits 


R. R. Wavron and F. E. Warreneap, Oklahoma Agricultural Experiment Station, Stillwater 


At the beginning of the last general 
grasshopper outbreak in Oklahoma in 
1936, the common method of control was 
the use of a poisoned bait. It was recom- 
mended that this bait be spread early in 
the morning at the rate of 10 to 15 pounds 
per acre in the fields where grasshoppers 
were feeding. The bait was made accord- 
ing to a formula that had proven success- 
ful in Kansas and Oklahoma approxi- 
mately 22 years earlier. It consisted of 100 
pounds of bran, 2 gallons of molasses, 2 
dozen lemons or oranges, 5 pounds of 
white arsenic or paris green and 10 to 12 
gallons of water. 

While such a bait is undoubtedly ef- 
fective, the cost is comparatively high. 
Furthermore, the 1936 outbreak of grass- 
hoppers was so widespread that the de- 
mand for bran soon exceeded the supply 
and the price increased sharply. Need was 
seen for a substitute or diluent for bran. 
Work in other states had indicated that 
other materials, particularly sawdust, 
might be used and also that some of the 
attractants might be omitted without 
seriously lowering the effectiveness of the 
bait. It was thought desirable to deter- 
mine whether similar results would be ob- 
tained under Oklahoma conditions. 

Metnops AND Conpitions.—Three 
general methods were used for evaluating 
baits. The pan-bait method as described 
by Shotwell (1942) was used with minor 
modifications to compare the attractive- 
ness of bait ingredients. In the 1936 tests 
the field-plot method was employed in 
which the number of dead grasshoppers 
per unit area and the estimated decrease 
in the live hopper population were used to 
measure bait effectiveness. The method 
is described in detail by Whitehead et al. 
(1937). During 1937 and 1939 comparison 
of the effectiveness of baits was made by 
means of the plot-cage method developed 
by Ford and Larrimer (1921). This meth- 
od was modified to be essentially the same 
as that described by Shotwell (1942). 

The term “attractiveness” as used here- 
after refers to that quality of baits meas- 
ured by counts of grasshoppers feeding at 
baits in pan-bait tests. The word “ef- 
fectiveness”’ is used to describe the killing 


effect of baits as measured by the per- 
centage mortality obtained in field-plot 
and plot-cage tests. 

In each type of test all baits were com- 
pared with a standard bait consisting of 
100 pounds of bran, 2 gallons of black- 
strap molasses, 3 ounces of amyl acetate, 
2 quarts of sodium arsenite and eight 
gallons of water. Each bait was given a 
rating compared to the standard bait as 
determined by comparing the mean per- 
centage mortality obtained in tests of the 
bait with that obtained in tests of the 
standard bait made on the same days. 

The tests were conducted during the 
summers of 1936, 1937, and 1939. During 
1936 and 1937 most of the work was done 
in the vicinity of Stillwater. On account 
of a decreased infestation in this area the 
later experiments were carried out in 
Woodward, Harper, and Roger Mills 
Counties in the western part of the state. 
There was a considerable difference be- 
tween existing weather conditions during 
the three years. The total precipitation 
during May, June, July and August, 
1936 at Stillwater was 7.12 inches, being 
7.66 inches below normal. This shortage 
resulted in the most severe drouth in the 
state in many years. During the same 
period in 1937 the total rainfall was 14.69 
inches. In 1939 all tests were made in 
Roger Mills and Harper Counties in 
Western Oklahoma where the annual 
rainfall is 20 to 25 inches. During the 4 
months period in 1939 the average rainfall 
at Buffalo and Beaver, the two nearest 
weather stations, was 7.92 inches. Thus, 
due to low precipitation in 1936 and 1939, 
vegetation in which baits were spread was 
usually suffering from inadequate mois- 
ture resulting in a decrease or stoppage 
of growth and, in certain instances of dy- 
ing of foliage. On the other hand, in the 
vicinity of Stillwater in 1937 vegetation 
remained in a growing and succulent 
condition during June and July when 
tests were made. 

During 1936 the majority of field-plot 
tests were made in cotton fields. In 1937 
and 1939 all tests were conducted in al- 
falfa fields. 

Members of the genus Melanoplus were 
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Table 1.—Comparative attractiveness of bait 
carriers in pan-bait tests. 
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Table 2.—Comparative effectiveness of bait 


carriers. 








Payne anp Woopwarp 
Counties 
1937 (15 Repiicates) 


Payne Country 
1936 (3 Repiicates) 





% Grass- 
hoppers 
Carrier Feeding 


ener 
oppers 

Feeding 
Bran 241 
Bran-new sawdust 


Carrier 





Bran 108 
Cottonseed hulls- 
(1-1) 233 alfalfa leaf meal (1-1) 
Bran-old sawdust Sawdust-alfalfa leaf 
(1-1) - 
Old sawdust £ 102 
Difference required 
for significance 42 


(l-1 
Bran-sawdust (1-1) 
Cottonseed hulls- 
sawdust (1-1) 
Cottonseed hulls 
Bran made from 
cottonseed hulls 
Difference required 
for significance (5% 





by far the most harmful group of grass- 
hoppers in Oklahoma in 1936, 1937 and 
in 1939. The dominant species in alfalfa 
were M. differentialis, M. packardii, M. 
mericanus, M. bivittatus and M. foedus 
iselyi. The most abundant in cotton in 
1936 were M. differentialis, M. mexicanus, 
Trimerotropis citrina, M. angustipennis 
impiger, M. bivittatus, and Schistocerca 
lineata. The order of the above species 
changed in certain respects according to 
the section of the state and to the time of 
the season. M. mericanus was usually 
most abundant in the spring but was gen- 
erally outnumbered by M. differentialis 
during the summer. 

Discussion OF Carriers.—The pri- 
mary objective of testing bait materials 
was to find inexpensive yet efficient car- 
riers. As a result, the majority of the tests 
on bait materials were comparisons of 
carriers. 

Bran and Bran Mixtures.—The results 
of tests on bait carriers are given in ta- 
bles 1 and 2. Bran was the most attractive 
and with one exception, the most effective 
bait carrier tested. The addition of bran, 
millrun bran or wheat shorts to other car- 
riers resulted in an increase of their at- 
tractiveness and effectiveness. A compari- 
son of bran, sawdust, and bran-sawdust 
mixtures (Tables 1 & 2) showed that the 
attractiveness and effectiveness of the 
bait increased with an increase in the 
proportion of bran used. All of the bran- 
sawdust combinations were significantly 
better than straight sawdust. 

In 34 comparisons of a millrun bran- 
sawdust (1-3 combination with a mill- 
run bran sawdust (1-1) mixture in 1939 


Ratna 
Mean ComPaRED 
No. Per Cent TO THE 
Tests Mortauiry Stanpagp 
Harper and Roger Mills Counties 
1939! 
Plot-cage tests 


Series I 
17 


CARRIER 








Bran (Standard) 
Millrun bran-sawdust (1-3) 34 
Millrun bran-sawdust (1-1) 34 
Cottonseed hulls 34 
Untreated check 17 
Difference required for 

significance 

Series I 

Bran (Standard) 17 
Citrus meal-sawdust (1-3) 17 
Millrun bran-sawdust (1-3) 

(reconditioned) 17 
Sawdust-alfalfa leaf meal 

(1-3 


2> © SHINS 


— 


~ 


17 


we 2 aS S Seeeo 


« 


Sawdust-alfalfa leaf meal 
(1-9) 17 

Untreated check 17 

Difference required for 
significance 


o fo 


Series III 
Bran (Standard) 12 
Citrus flour-cottonseed hulls 
(1-9) 12 
Citrus flour-sawdust (1-9) 12 
Citrus meal-cottonseed hulls 
(1-9) 
Citrus meal-sawdust (1-9) 
Flour-sawdust (15-85) 
Untreated check 
Difference required for 
significance (5% 


Cm nS An ® & we 


5 


ComPaRED 
No. TO THE 
CARRIER Tests STANDARD 





Payne and Woodward Counties 
1937 


Plot-cage tests 





Bran (Standard)* 

Bran 

Bran-sawdust (1-1) 
Millrun bran-sawdust (1-8) 

Cottonseed hulls-alfalfa leaf meal (1-1) 
Cottonseed hulls (ground) 

Cottonseed hulls (ground)-sawdust (1-1) 
Sawdust-alfalfa leaf meal (1-1) 

Bran made from cotton seed hulls 
Untreated check 

Difference required for significance (5%) 


BOSRIIAMHUSS 








RaTING 
ComPareD 
No. TO THE 


CARRIER Tests Sranparp? 





Payne County 
1936 


Field-plot tests % 





Bran (Standard)* 
Bran 
Bran-sawdust (1-1) 
Bran-cottonseed hulls (1-1) 
Shorts-cottonseed hulls (20-75) 
Wheat flour-sawdust (15-85) 
Bran-cane pulp (1-1) 

Bran-rice hulls (1-1) 
Cottonseed hulls 

Old sawdust 

Cane pulp 





1 In 1939 all baits in a series were spread each day that tests 
were made. : 

2 The “rating compared to the standard” was obtained b 
comparing the mean mortality resulting from the use of 
bait with that of the standard bait spread at the same time. 

2 Mean per cent mortality of 52 tests was 72.0. 

‘Mean per cent mortality of 42 tests was 67.2. 
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(Table 2), an increase in the proportion 
of millrun bran did not significantly in- 
crease the effectiveness of the bait. It is 
probable that an increase in attractive- 
ness due to the added bran was offset by 
the poorer spreading quality of the 1-1 
mixture. 

While all-sawdust bait was not used 
extensively in Oklahoma in the last out- 
break, sawdust was used in large quanti- 
ties in combination with bran. During 
1936 a bran-sawdust (1-1) mixture was 
the most common bait employed in the 
control campaign. During the later years 
of the outbreak, it was replaced to a large 
extent by the millrun bran-sawdust (1-3) 
combination. The use of each of these 
baits was generally effective. 

The use of cottonseed hulls as a bait 
ingredient is of special interest to the 
Southwest where considerable cotton is 
grown and where grasshopper outbreaks 
occur. So far as is known, the first use of 
cottonseed hulls as a bait ingredient was 
by M. G. Tucker, County Agent, Altus, 
Oklahoma, whe used a bait containing 
cottonseed hulls and gray wheat shorts in 
the 1936 control campaign. Comparisons 
of sawdust and cottonseed hulls indicate 
that they are approximately equal in ef- 
fectiveness, whether used straight or in 
combination with bran or millrun bran. 
Therefore, any choice between these mate- 
rials should depend upon their availability 
and comparative costs. 

Tests (Tables 1 and 2) showed that a 
“bran” made from grinding delinted cot- 
tonseed hulls was of little value as a car- 
rier in baits. 

Grinding cottonseed hulls for use in 
baits does not increase their effectiveness. 
In 11 plot-cage tests in 1937 (Table 2), 
a ground cottonseed hulls bait was 64.6 
per cent as effective as the standard bait 
while in 44 tests made in 1936 and 1939 
unground cottonseed hulls were 81.5 per 
cent as effective as the standard. Although 
these are comparisons of tests made under 
different conditions and in different years, 
one may safely conclude that the extra 
trouble and expense of grinding cotton- 
seed hulls is not justified. 

Some information was obtained in 1939 
(Table 2) on the advisability of using bait 
material which has undergone heating 
after mixing. A mixture of mill run bran- 
sawdust (1-3) containing molasses that 
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had undergone heating for several days 
after the initial mixing was reconditioned 
by remixing and remoistening and com- 
pared with the standard bran bait in 17 
replicates (Table 2, 1939, Series II). The 
mean percentage mortality of 46.1 gave 
it a rating of 76.8 as compared to that of 
100 for the standard bait. This is below 
the rating of 90.1 obtained for the freshly 
mixed samples of the same bait when com- 
pared with the standard (Table 2, Series 
I). This indicates that, although heating 
does impair the effectiveness of baits to 
some extent, bait that has undergone 
heating should be reconditioned and used 
if needed. 

Results given in Table 2 show that baits 
consisting of sawdust, cottonseed hulls 
and mixtures of each of these materials 
with bran or millrun bran were more ef- 
fective in comparison with all-bran when 
used under conditions of drouth than 
when spread in succulent vegetation. 
Tests were made of bran, cottonseed 
hulls and bran-sawdust (1-1) during two 
or more of three years of bait testing. In 
the case of each of these three baits the 
mean rating compared to the standard 
bran bait obtained in 1937, under condi- 
tions of succulent vegetation, was con- 
sistently lower than the same ratings ob- 
tained in either 1936 or 1939 tests made 
under dry conditions. In field-plot tests 
made during the dry months of July and 
August, 1936, all-sawdust was 68 per 
cent as effective as all-bran. In pan-bait 
tests (Table 1) made in May and early 
June, before effects of the drouth were 
noticeable, sawdust attracted only about 
one-half as many grasshoppers as bran. 

Citrus Pulp. The citrus pulp used in 
these experiments was a by-product of 
the manufacture of grapefruit juice. When 
received at the experiment station the 
material was in a dried, shredded condi- 
tion with particles varying considerably 
in size. It was ground by means of a com- 
mon hammer mill to the consistency of 
coarse corn meal. By means of a small 
mill, a portion of this was further reduced 
to a fine powder referred to in the results 
as “Citrus flour.” The ground material 
retained a distinct and pleasant odor prob- 
ably due to oils present in the grapefruit 
rind. 

Citrus pulp combinations with saw- 
dust and with cottonseed hulls were the 
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Table 3.—Comparative effectiveness of baits 
with and without attractants. 
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Table 4.—Results obtained by the use of cer- 
ain water baits and oil baits in plot cage tests. 
















— 


Mean Per Cent 

















Bait Morta.ity 
Payne County 
1 
Field plot tests (9 replicates) 
Bran, molasses, amy] acetate! 75.0 
Bran, molasses 74.0 
Bran 74.0 
Payne and Woodward Counties 
1987 
Plot-cage tests (9 replicates) 
Bran, molasses, amy! acetate 65.3 
Bran 63.8 
Millrun bran-sawdust (1-3); molasses, 
amy! acetate 55.3 
Millrun bran-sawdust (1-3) 52.9 
Untreated Check 6.8 
Difference required for significance (5%) 7.4 
Harper and Roger Mills Counties 
1939 
Plot-cage tests (17 replicates) 
Millrun bran-sawdust (1-3); molasses 72.3 
Millrun bran-sawdust (1-1) 72.2 
Millrun bran-sawdust (1-3) 71.2 
Millrun bran-sawdust (1-1); molasses 69.3 
Cottonseed hulls, molasses 66.2 
Cottonseed hulls 66.1 
Untreated check 5.5 
Difference required for significance (5%) 7.1 








' Blackstrap molasses and amy! acetate were used at the rate 
of 2 gallons and 3 ounces, respectively, per 100 pounds of dry car- 
rier. 


most effective of all non-bran baits tested 
(Table 2, 1939). Baits consisting of “‘Cit- 
rus meal” mixed in the proportion of 1 to 
3 with either of the above materials were 
approximately as effective as the standard 
bran bait. Results indicate that if the 
citrus pulp is in the form of “flour” the 
proportions may be reduced to 1 to 9 and 
not significantly decrease the bait’s ef- 
fectiveness. These citrus pulp combina- 
tions are equal or superior to the millrun 
bran-sawdust (1-3) mixture used widely 
in the last grasshopper control campaign. 
If citrus pulp can be obtained and pre- 
pared for use at prices lower than or not 
exceeding those paid for millrun bran, it 
would seem to be a desirable bait ingredi- 
ent to use in subsequent outbreaks in 
Oklahoma. The distinct odor of ground 
pulp would perhaps be of psychological 
value in encouraging the use of grasshop- 
per bait. 

Other Carriers. Alfalfa leaf meal in gen- 
eral was not satisfactory as a bait in- 
gredient. Although combinations of this 
material with sawdust and with cotton- 
seed hulls appeared to be attractive in 
pan-bait tests, in plot-cage tests they were 
only 40 to 77 per cent as effective as the 
standard bait. 





Mean Ratna 
Per Cent Comparep 
No. Mor- To 
Bart Tests TaLity STANDARD 















Harper and Roger Mills Counties 
1939! 











Series IT 
17 
















Bran (Standard) 60.0 100.0 
Bran, lubricating oil, white 

arsenic 17 51.3 85.5 
Bran, lubricating oil, sodium 

fluosilicate 17 46.1 76.8 
Millrun bran-sawdust (1-3); 

water, sodium 2arsenite 17 46.1 76.8 
Bran, fuel oil, sodium fluo- 

silicate 17 34.6 57.7 
Millrun bran-sawdust (1-3); 

fuel oil, sodium fluosilicate 17 26.8 44.7 
Untreated check 17 5.5 7.1 
Difference required for 

significance (5%) 11.3 18.8 

Series III 

Bran (Standard) 12 64.6 100.0 
Bran, lubricating oil, sodium 

fluosilicate 12 59.2 91.6 
Bran, fuel oil, sodium fluo- 

silicate 12 52.8 81.7 
Untreated check 12 5.3 8.2 
Difference required for 

significance (5%) 8.1 12.5 

Ratine 
ComParep 
No. TO 
Bart Tests Sranparp* 












Payne and Woodward Counties 
19372 












Bran (Standard) 42 100.0 
Bran-water, sodium arsenite 12 97.4 
Bran-lubricating oil, white arsenic 16 96.5 
Millrun bran-sawdust (1-3); water, 

sodium arsenite 36 79.2 
Millrun bran-sawdust (1-3); lubricating 

oil, white arsenic 12 75.6 
Untreated check 16 12.0 

9. 





Difference required for significance (5%) 











1 See footnote 1, Table 2. 

2 See footnote 2, Table 2. 

The lubricating oil, having an SAE viscosity of 30, was used 
at the rate of 2 gallons per 100 pounds of dry carrier. The fuel 
oil, a No. 2 grade with viscosity of 28-30, was used at a rate of 2 
gallons per 100 pounds of dry carrier. The amounts of toxicant 
used in 100 pounds of dry carrier were: white arsenic and sodium 
fluosilicate, 4 pounds; liquid sodium arsenite, 2 quarts. 









Cane pulp and rice hulls showed little 
promise as bait materials in a few tests 
made in 1936. The 1—1 mixtures of these 
materials with bran were difficult to 
spread uniformly and as a result had rat- 
ings of 82 and 73 respectively as com- 
pared with 96 for the bran-sawdust (1-1) 
mixture. 

Arrractants.—After studying the re- 
sults of a major portion of the tests made 
in the United States on attractants Shot- 
well (1942) concluded that they are of 
little value to grasshopper baits. In pan- 
bait tests where bait containing no at- 
tractant was compared with those con- 
taining various combinations of lemons, 
molasses, and amyl acetate no significant 
differences were found. Similar results 
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were obtained in plot tests as shown in 
Table 3. It is true that, with one exception 
(1939), the baits containing attractants 
were slightly more effective than similar 
ones that did not contain them. However, 
these differences fall short of being sig- 
nificant and certainly do not justify the 
additional expense of including these at- 
tractants. 

Om Barrs.—In the course of testing 
various ingredients some information was 
obtained on the relative merits of baits 
containing water and those containing oil. 
Table 4 shows the results obtained with 
various carriers containing water and the 
same carriers containing oil. It will be 
noted that the toxicant in the water baits 
was sodium arsenite while that in the oil 
baits was either white arsenic or sodium 
fluosilicate. Shotwell (1942), in summariz- 
ing results obtained by a number of 
workers, concluded that white arsenic, 
sodium arsenite and sodium fluosilicate, 
at the proportions used in the tests re- 
ported here, were approximately equal in 
effectiveness as killing agents in grass- 
hopper baits. Therefore, it is believed that 
although different toxicants were used, 
the results of tests with water baits and 
oil baits may be compared. In every case 
the water bait was more effective than the 
corresponding lubricating oil bait, al- 
though in only one instance was the dif- 
ference significant. In Series II, 1939, the 
bran-water bait was significantly better 
than the bran-lubricating oil-sodium fluo- 
silicate bait, but in 12 replicates made 
later (Series III, 1939) the difference be- 
tween the two was not significant. Pan- 
bait tests results (not published) showed 
the lubricating oil bait to be generally 
more attractive than water baits but in 
no case was the difference significant. 

All baits containing fuel oil were inferior 
to similar carriers containing water or 
lubricating oil. 

Water baits were compared with lubri- 
cating oil baits over a period of several 
days in two experjments. Using the plot- 
cage method described by Parker et al. 
(1934), a comparison was made of the 
lasting effectiveness of a water bait and 
an oil bait over a period of five days. This 
experiment was conducted during the 
period August 22 to 26, 1937 in an alfalfa 
field in Woodward County, Oklahoma. 
The grasshopper population, largely in 
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Table 5.—Comparative percent mortality over 
a of 5 days in plots treated with water 
ts and oil baits, Woodward, 1937. 








Bran, Lu- 
BRICATING 
Ou,! Warre UNTREATED 
ARSENIC CHECK 


BRAN, 
WATER, 

Waite 
ARSENIC 


Day or 
Test 





86.2 
79.5 
42.9 
19.9 
16.1 


84.8 
83.7 
68.5 14.4 
57.1 13.0 
44.4 9.5 


10.0 
12.2 





Mean 48.9 67.7 11.8 





? The lubricating oil (SAE viscosity 30) was used at the rate of 
2 gallons per 100 pounds of dry bran. 


the adult stage, was estimated at 100 or 
more per square yard. The dominant 
species were Melanoplus differentialis and 
M. bivittatus. The results are given in 
table 5. From the first to the fifth day the 
oil bait dropped from an average kill of 
84.2 per cent to 44.4 per cent while the 
water bait decreased from 86.1 per cent 
to 16.1 per cent. The mean percentage 
mortality over the 5-day period was 67.7 
for the oil and 48.9 for the water bait. 

In the second experiment the compari- 
son was continued over a 10-day period in 
June, 1939 in Harper County, Oklahoma 
by means of a field-plot test. The grass- 
hoppers ranged in size from 2nd instar 
nymphs to adults with Melanoplus bivit- 
tatus and M. differentialis being the domi- 
nant species. Each of the baits was 
spread on 10 one-fourth acre plots in an 
alfalfa field. Treated plots were located al- 
ternately with untreated plots, the oil 
bait plots being grouped in one area, sep- 
arated by an untreated buffer zone from 
the area containing the water bait plots. 
Comparison of the killing effects of the 
baits was made from counts of dead grass- 
hoppers found on a space of four square 
yards staked off in each treated plot. 
Beginning on the third day after spread- 
ing of bait, and on each day thereafter for 
nine successive days, dead grasshoppers 
were counted and removed from the 
staked areas. The average number of dead 
grasshoppers per square yard found each 
day are given in table 6. On the basis of 
first and last day counts the oil bait re- 
tained 10.2 per cent of its effectiveness as 
compared with 1 per cent for the water 
bait. There was little difference between 
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Table 6.—Average numbers of dead grasshop- 
pers found per sq. yard,' during a period of ten 
days, on plots treated with water and oil baits, 
Rosston, 1939. 








Bran, Bran, Lupri- 
WATER, CATING O1,? 
Sopium SopiuM 


Count Date FLuostmicaTe FLvosiLicate 





June 9 19.2 18.6 
June 10 17.5 17.8 
June 11 8.9 9.4 
June 12 3.4 2.5 
June 13 13.7 9.9 
June 14 6.4 7 a 
June 15 2.7 3.0 
June 16 A 2.6 
June 17 2 2.4 
June 18 2 1.9 





Ten-day Period 
Average 7.3 i 


Oo 





! These averages were determined from a daily examination 
of an area of 4-square yards in each of 10 plots. 

? The lubricating oil having an SAE viscosity of 30, was used 
at the rate of 2 ques per 100 pounds of dry bran. 


the effectiveness of the two baits if the 
entire period is considered. 

It is interesting to note the apparent 
effect of light rain upon these baits spread 
a few days previously. On the afternoon 
of June 11, the third day after counts were 
begun, a light rain fell on all treated plots. 
The temperature and relative humidity 
were noticeably affected for only a short 
time. On June 13, the fifth day of the test 
and the second day following the rain, 
the average counts for the water bait and 
oil bait were 13.7 and 9.9, respectively, as 
compared with the preceding day’s counts 
of 3.4 and 2.5. While these records are 
very few, they substantiate field observa- 
tions of effect of light rain upon baits. 
Possibly this favorable effect upon mor- 
tality was caused by a lowering of the 
soil surface temperature or by remoisten- 
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ing of the bait to make it more attractive. 

SuMMARY.—Wheat bran and combina- 
tions of citrus pulp with sawdust and ° 
with cottonseed hulls were the most ef- 
fective of a total of 24 materials and com- 
binations tested as bait carriers. Straight 
sawdust was 68 per cent as effective as 
bran and the addition of any form of the 
latter material to sawdust increased its 
effectiveness. Cottonseed hulls were ap- 
proximately equal to sawdust as a carrier 
when used alone or in combination with 
bran. Alfalfa leaf meal when added to 
cottonseed hulls or sawdust did not in- 
crease their effectiveness and combina- 
tions of it and bran were less effective than 
similar mixtures of bran with cottonseed 
hulls or sawdust. In preliminary tests, rice 
hulls and cane pulp were unsatisfactory 
when used alone or in combination with 
bran. 

Baits consisting of all-sawdust, all- 
cottonseed hulls, and mixtures of each 
of these with bran or mill run bran were 
more effective, in comparison with the 
standard all-bran bait, when used under 
conditions of drouth than when spread in 
succulent vegetation. 

Although heating, which occurred in 
storage after the initial preparation, ap- 
peared to impair the effectiveness of a 
millrun bran-sawdust bait, it gave rela- 
tively fair results when moistened and re- 
mixed. 

The use of amyl acetate, molasses, and 
citrus fruit as attractants was of little 
value and their inclusion added unneces- 
sarily to the cost of the baits. 

There was little difference between the 
effectiveness of bran-water and _ bran- 
lubrication oil baits over periods of several 
days. All baits containing a low grade fuel 
oil were distinctly inferior to similar car- 
riers containing water or lubricating oil. 
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The Influence of Temperature, Clouds and Time of Day 
Upon the Feeding of Grasshoppers on Poison Bait 


R. R. Watton and F. E. Warreneap, Oklahoma Agricultural Experiment Station, Stillwater 


In connection with tests comparing bait 
ingredients, certain information was ob- 
tained concerning the effect of tempera- 
ture, clouds, and time of day, upon bait 
feeding. The results on bait ingredients, 
including descriptions of general methods, 
weather conditions, and dominant spe- 
cies, are published elsewhere in this issue 
of the JouRNAL. 

Mernops.—Air temperatures were 
taken in the shade at a height of 4 feet 
from the ground. Soil surface tempera- 
tures were taken by two methods. The 
“uncovered bulb” was used by placing a 
glass thermometer or the terminal of a 
soil thermograph on the ground among 
vegetation in such a position that the bulb 
or terminal was in contact with the soil. 
In using the “covered bulb” method the 
thermometer was used in the same manner 
excepting that the bulb was covered with 
a thin layer of soil. In cage tests soil sur- 
face temperatures were taken both inside 
the cage and outside, the former averaging 
approximately 4° below the latter. In 
plot-cage tests the mean temperature of 
the baiting period was obtained by taking 
one-half of the sum of the temperatures 
recorded at the beginning and end of the 
period. Sky condition was described as 
clear, partly cloudy, or cloudy, using the 
classifications as described by the United 
States Weather Bureau. 

In the cage tests grasshoppers, of the 
species Melanoplus differentialis in the 
adult stage, were put in a large screened 
cage for observation. The cage, 8 feet 
square by 42 inches high, was covered with 
16 mesh wire screen and placed in a field 
over fairly succulent alfalfa, 4 to 8 inches 
high. Dry bran, used as the baiting mate- 
rial, was broadcast generously over the 
ground in the cage. Only grasshoppers 
observed actually feeding were included in 
the counts. Feeding and temperature ob- 
servations were recorded at 30-minute in- 
tervals. 

Ar Temperatures.—Table 1 gives a 
summary of the results of 23 pan-bait 
tests conducted in Payne and Woodward 
Counties in 1936 and 1937. A total of 


Table 1.—Air temperature and time of maxi- 
mum feeding periods in pan-bait tests. 








Maximum 
TEMPERATURE Feeptne Peron 
Dvuainc Tzs?, °F. £——————_ 


Tempera- 2 
Range Mean Time 


ture, °F. 
71-80 79 
74-85 75.5 
70-82 74 
74 82 77 
78-90 








a 
= 


SeSesssessseszessesses ez 


74-93 





19,899 grasshoppers was included in the 
tests. 

The results of pan-bait tests show that 
grasshoppers feed on bait under a wide 
range of air temperatures. The lowest and 
highest temperatures at which they were 
observed to feed were 64 and 96°, respec- 
tively. Temperatures of the maximum 
feeding periods varied from 70 to 88°. 
Eight of the 23 tests had maximum feed- 
ing occurring at temperatures within the 
range of 70 to 78°, while those of the other 
15 tests came at temperatures from 79 to 
88°. Of this latter group, nine had the 
feeding peak temperatures within the 
range of 80 to 83°. Tests made after the 
first half of June generally had consider- 
ably fewer grasshopper feeding on bait 
than in those made earlier. This was due 
to some extent to the lower populations 
in the areas where the later tests were 
made. The results of the cage tests are 
summarized in table 2. The total number 
of grasshoppers feeding in the 6 tests was 
2188. The lowest and highest air tem- 
peratures at which feeding was observed 
was 65 and 95°, respectively. The num- 
bers of grasshoppers feeding in these two 
cases were very small. These extremes of 
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Table 2.—Time and temperatures of maximum feeding periods in cage tests, Stillwater, 1944 





— 





— 


Temperature Durine Test, °F.! 





Soil Surface 


(Covered Bulb) 


Soil Surface 
(Uncovered Bulb) 





Time or 

Maximum 
FEEDING 
Periop 


Maximum 
Date oF Feeding 
Period 


Test Range Mean 


Range 


Maximum 
Feeding 
Period 


ae 
ng 
Period 


Mean Range 





9:00 a.m. 63-87 76.7 82 


July 14 
July 17 7:00- 
7:30 a.m. 
July 19 9:00 a.m. 
July 21 11:00 a.m. 
July 22 10:00 a.m. 
August 2 8:00 a.m. 


75-90 
73-93 
64-88 
70-88 
75-92 


83.4 78-80 
87.2 87 
79.0 82 
80.9 84 
84.5 85 


65-125 94. 


78-136 
78-129 
66-127 
70-126 
76-136 96. 


64-117 103 
76-123 
77-121 
66-117 
72-116 
75-125 


107. 
Ill. 
102. 
103. 





1 Soil surface temperatures taken within the cage averaged approximately 4° below those recorded on the outside. 


feeding temperatures agree closely with 
64 and 96° reported in pan-bait tests. 
Maximum feeding in each of the six tests 
occurred at air temperatures within the 
range of 78 to 87°. 

A total of 88 plot-cage tests were made 
in 1937 and 1939 with the standard bran 
bait. Table 3 gives the percentage mor- 
tality and the mean temperatures of these 
tests. Temperatures at the beginning of 
the baiting periods ranged from 64 to 81°, 
those at the close of the periods varied 
from 78 to 100°. The greatest range during 
any single period was 28°, while the small- 
est was 6°. It will be noted in table 3 
that the results of tests having mean 
temperatures within the range of 71 to 
75° are not consistent in their relationship 
to those of tests in the other temperature 
groups during the two years. In 1937 the 
average percentage mortality of 66.2 for 
these tests was very close to the average 
kill obtained in tests with temperatures 


within the ranges of 76 to 80 and 81 to 
85°. However, in 1939, 8 tests in the range 
of 71 to 75° had an average percentage 
mortality of 79.4, considerably above that 
of the other groups. This difference may 
be explained by the fact that seven of the 
eight tests in 1939 were made early in the 
season when grasshoppers were in the 
nymphal stage and the vegetation rela- 
tively short whereas tests of the same 
temperature range in 19387 were made 
later in the season when baiting conditions 
were less favorable. When averages of the 
two years tests are considered, the first 
three temperature groups show no sig- 
nificant differences in percentage mor- 
tality. However, the average kill of the 
five tests having mean temperatures with- 
in the range 86 to 90° is significantly 
below each of the other groups. 

Sor, SurFAce TEMPERATURES.—Some 
information was obtained on the relation- 
ship of soil surface temperatures to feed- 


Table 3.—Percentage mortality obtained with the standard bait in plot-cage tests arranged accord- 








Mean Arr TemMpeRATURES 
1937 and 1939 Tests 





Mean % Mortality 


Weighted 
Average® 


Tempera- No. of Tests 
ture 


Groups 





1987 1939 Total 1937 1939 


ing to mean temperatures arid sky condition of the baiting period. 


Mean Sor Surrace Tempera- 
Ture 
1939 Tests 


Sky Conp!TIon 
1937 anp 1939 Tests 





Mean Mean 
Per Cent No. of Per Cent 
Mortality Tests Mortality 


Tempera- 
ture 
Groups 


No. of 
Tests Type 








72.0 
68.0 
65.8 
51.8 


66.2 
70.8 
64.2 
4.6 


79.4 
66.1 
68.4 
53.7 


71°-75° 10 8 18 
76°-80° 19 27 46 
81°-85° 12 7 19 
86°—90° 1 4 5 


? Difference necessary for significance (5%): 
Between 71°-75° and 76°-80° =6.5 
Between 76°-80° and 81°-85° =4.9 
Between 81°-85° and 86°-90° =5.5 


ficance (5%): 


43.4 
60.2 
75.3 


Clear 43 
Partly 

Cloudy 18 
Cloudy 27 


73°-75° 3 
76°-80° 11 
81°-85° 18 
86°-90° ” 77.2 
91°-100° 5 54.8 
Difference necessary for signi- 


73.0 


65.2 
60.4 


Difference necessary for signifi- 

: cance (5%): 

Between 73°-75° and 76°-80° Between clear and cloudy 
=16.9 5.2 

Between 76-80 and 81-85 
=8.2 

Between 81-85 and 86-90 


Between clear and partly 
cloudy =4.8 

Between cloudy and partly 
cloudy =5.2 


=7.1 
Between 86-90 and 91-100 
=6.6 





' Uncovered bulb method. 
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Fic. 1.—Relationship of air and soil surface tem- 
peratures in tests conducted in Montana and in 
Oklahoma. 


ing on bait in the plot-cage tests of 1939 
(Table 3) and the cage tests in 1944 
(Table 2). In 1939 the “uncovered bulb” 
method was used while in the cage tests 
of 1944 both this method and the “cov- 
ered bulb” method were employed. Com- 
parative readings obtained by the two 
methods are given in Table 2. On the basis 
of these records, and comparisons made 
at other times, it was found that the read- 
ings obtained by the two methods usually 
corresponded very closely until tempera- 
tures of above 100° were reached, under 
which conditions the covered bulb read- 
ings ranged higher than the uncovered 
bulb readings. The soil surface tempera- 
tures of the maximum feeding periods, as 
measured by the “covered bulb” method, 
ranged from 89° to 112°. The same tem- 
peratures measured by the “uncovered 
bulb” method varied from 89° to 104°. 
Table 3 shows the results of 46 plot-cage 
tests made with the standard bran bait 
in 1989 summarized according to mean 
soil surface temperatures of the baiting 
period. Soil surface temperatures at the 
beginning of the 46 baiting periods ranged 
from 62 to 78° while the temperatures at 
the close of the periods varied from 82 to 
116°. The greatest variation during any 
single period was 44°, ranging from 63 to 
107°. The smallest range was 15°, being 
between 70 and 85°. In those tests with 
mean temperatures in the range of 81 to 
90° the percentage mortality was sig- 
nificantly higher than in those tests with 
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mean temperatures below or above this 
range. 

Discussion OF TEMPERATURE Ke- 
sutts.—The results of pan-bait tests and 
cage tests showed that maximum feeding 
occurred at air temperatures ranging from 
70 to 88° F. If the results of the six cage 
tests are combined with those of the 23 
pan-bait tests, it is found that 9 of the 29 
tests had peak of feeding at air tempera- 
tures within the range of 70 to 78°, while 
in the remaining 20 tests it came at tem- 
peratures within the range of 79 to 89°. 
The writers do not give as much weight to 
the latter group of tests since, as previ- 
ously stated, there were generally fewer 
grasshoppers feeding in these tests than 
in those with lower maximum feeding 
period temperatures which were usually 
made before June 15. However, even with 
this consideration in mind and considering 
all other data presented on the relation 
of air temperatures to bait feeding, it is 
evident that in a majority of these tests 
the optimum air temperatures for feeding 
of grasshoppers on bait extended above 
80°. These temperatures are higher than 
those found by Parker (1930) in tests con- 
ducted in Minnesota and Montana. Under 
Minnesota conditions Camnula pellucida 
fed most actively on bran mash at air 
temperatures of 71 to 77° while in Mon- 
tana tests with Melanoplus mericanus 
maximum feeding usually occurred at air 
temperatures of 68 to 78° and at soil 
surface temperatures of 104 to 112°. Ina 
majority of tests conducted by Shotwell 
(1941) in Montana and South Dakota the 
results were in general agreement with 
Parker’s findings. However, in tests made 
by Shotwell on 5 consecutive days in 1931 
in Hamill, South Dakota (Table 21, p. 
45) air temperatures accompanying maxi- 
mum feeding ranged above 80° as in the 
tests made in Oklahoma. Mean air tem- 
peratures of the maximum feeding periods 
ranged from 78 to 85.1° with correspond- 
ing soil surface temperatures varying from 
75.6 to 98.6°. Parker (1924), working with 
Camnula pellucida, and Langford (1930), 
using M. bivittatus, have shown in labora- 
tory tests that these two species react nor- 
mally within the range of 68 to 104°. The 
optimum temperature, as determined by 
selection on the part of the insects, was 
found to be from 98 to 100°. Above 104° 
the grasshoppers showed abnormal reac- 
tions. 
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‘The difference between air temperature 
ranges at which maximum feeding oc- 
curred in these tests and in the tests made 
in Montana appears to be largely due to 
a difference in the relationship between air 
and soil surface temperatures in the two 
investigations. Figure 1 presents a com- 
parison of soil surface temperatures 
(“covered bulb” method) accompanying 
various air temperatures in the Montana 
tests and in the cage tests made in Okla- 
homa. The data for the Montana tem- 
peratures were taken from Parker (1930, 
Figs. 11, 12 and 13). Soil surface tempera- 
tures were tabulated according to accom- 
panying air temperatures. From the indi- 
vidual records an average soil surface 
temperature was obtained corresponding 
to each 2-degree interval of air tempera- 
ture within the range of 58 to 90°. Only 
rising soil surface temperatures were in- 
cluded in the averages. These average soil 
surface temperatures are plotted in fig- 
ure 1 to correspond to their accompanying 
air temperatures. An examination of spe- 
cific temperature ranges shows important 
differences between the two groups of 
tests. In the Montana tests, a majority of 
the maximum feeding periods came at air 
temperatures of 68 to 78°. The average 
soil surface temperatures corresponding 
to these air temperatures are in the range 
of 95 to 110°. At temperatures above 112° 
grasshoppers climbed vegetation to escape 
heat. However, in the cage tests made in 
Oklahoma, when the soil surface tem- 
peratures were at 95 to 110° the accom- 
panying air temperatures were usually in 
the range of 78 to 84°. The majority of 
maximum feeding periods occurred at 
temperatures within these ranges and, as 
in the Montana tests, feeding declined 
rapidly at soil surface temperatures above 
112°. 

As previously shown, soil surface tem- 
peratures recorded within the cage were a 
few degrees below those taken outside 
and, therefore, may account for a part 
but, certainly, not for all of the difference 
between results of the Oklahoma and 
Montana tests. Records made at various 
periods during the spring and summer in- 
dicate that the relationship between air 
and soil surface temperatures, as shown 
in figure 1, is generally typical in Okla- 
homa. Effective results were obtained in 
plot-eage tests, during baiting periods 
with mean air temperatures as high as 








85°. Although only occasional soil tem- 
peratures were taken in pan-bait tests, it 
appears that relatively low soil surface 
temperatures explain why a majority of 
the maximum feeding periods occurred at 
comparatively high air temperatures. 

In plot-cage tests (Table 3) those hav- 
ing mean soil surface temperatures (“‘un- 
covered bulb” method) in the range of 
91 to 100° had mean percentage mortali- 
ties significantly below tests in the 81 to 
90° group. Since soil surface temperatures 
of 91 to 100° are within the range found 
favorable for bait feeding it seems that 
good kills of grasshoppers should be ob- 
tained in these tests. However, it should 
be kept in mind that the temperature 
given in Table 3 is a mean temperature 
and not the actual temperature existing 
during the entire baiting period. The tests 
having mean temperatures in the 91 to 
100° group had maximum temperatures 
ranging from 110 to 116°. Furthermore, it 
should be noted that soil surface tempera- 
tures recorded in plot-cage tests were 
measured by the “uncovered bulb” meth- 
od. As shown in table 2, at temperatures 
above 100° this method gave readings 8 
to 13° below those obtained by the “cov- 
ered bulb” method as given in figure 1. 
In terms of “covered bulb” readings, the 
maxima of this temperature group would 
be well above the point at which grass- 
hoppers “‘climb to escape heat.” It is ap- 
parent that such maximum temperatures 
would reduce the period of bait feeding. 
This explanation was substantiated by ob- 
servations made when the tests were con- 
ducted, showing that during the latter 
part of the baiting period grasshoppers 
climbed to a position on vegetation where 
they remained until plots were swept for 
collections. 

The tendency of the soil surface tem- 
peratures to rise more slowly in the tests 
made in Oklahoma was probably due to a 
number of factors. Some of these would 
appear to be the lower elevation with its 
attendant denser air, generally higher 
humidity, and the greater amount of 
moisture present in the soil. Since soil sur- 
face temperatures directly determine the 
beginning and duration of grasshopper ac- 
tivity on the ground, it is logical to expect 
favorable soil surface temperatures in 
Oklahoma to be accompanied by rela- 
tively higher air temperatures than in 
Montana. 
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Table 4.—Average numbers of grasshoppers feeding at 50 pans in tests made under clear sky and 


cloudy sky conditions. 








Tests Maps Unper Ciear Sky 


Tests Mave Unper CLoupy Sky 





Air Temperature-°F. 


Range 


No. 
Fieip Feeding (1) Date 


82S 
2,558 
2,690 
1,846 
638 


Total 8, 560 


Mean 


Air Temperature-°F. 


Range Mean 


No. 
Feeding 


532 
1,598 
1,700 

770 

697 


Date 
6-23-36 
6-9-37 
6-11-37 
6-14-37 
8-16-37 





5,297 





Criovups.—Other workers have ex- 
pressed the opinion that cloudy days af- 
fect feeding on baits. Shotwell (1942) 
states that “cloudy sky and windy days 
are not favorable for feeding.”’ With this 
consideration in mind, the results of tests 
made in Oklahoma were studied. 

No definite trends were found in pan- 
bait tests when feeding during cloudy 
periods and feeding during clear periods of 
the same test were compared. In such 
tests the sky condition was usually pre- 
dominantly cloudy or predominantly 
clear with only an occasional change to 
the opposite type of sky condition. Since 
such changes usually were shortly re- 
versed, the period of time was apparently 
too brief to cause any significant change 
in the number of grasshoppers at pans. 

However, a comparison of pan-bait 
tests made on predominantly cloudy 
days with those made on days prevail- 
ingly clear generally showed a marked dif- 
ference in the numbers feeding at pans. 
Table 4 gives results of five tests made on 
clear days compared with those of five 
tests made on cloudy days. The writers 
are aware that a certain degree of error is 
involved in a comparison of tests that 
were made several days apart as in the 
eases of June 16, 19386 and June 23, 1936 
and June 5, 1937 and June 9, 1937. In 
each of these two comparisons the cloudy- 
sky test was made 4 to 7 days after 
its corresponding cleark-sky test. The 
tendency of grasshoppers to spread out 
over the field as they develop might have 
accounted to some extent for the smaller 
numbers feeding in the cloudy-sky tests. 
However in the other three comparisons, 
the cloudy-sky test in each instance was 
made earlier than its companion clear- 
sky test. Thus, the above mentioned error 


would seem to be largely neutralized if all 
tests are combined. In four of the five 
comparisons the number of grasshoppers 
feeding in the clear-day test was distinctly 
greater than that of the cloudy-day test. 
In the last comparison (August 18 and 
August 26) the test made under cloudy 
sky conditions had a slightly large number 
on pans that did the clear-day test paired 
with it. The total number of grasshop- 
pers feeding of 8560 in the five tests 
made under a clear sky and 5297 in the 
five tests made under cloudy conditions 
differ greatly. 

Table 3 gives a summary of the re- 
sults of the 88 plot-cage tests classified 
according to sky condition during the 
baiting periods. The mean percentage 
mortality of 73.0 for the tests made under 
clear-sky conditions is significantly higher 
than that of 65.2 for the tests made under 
partly cloudy skies and exceeds that of 
60.4 for the cloudy-day tests by more than 
two times the minimum significant dif- 
ference. 

A number of workers, including Parker 
(1924, 1930), Langford (1930), Shotwell 
(1942), and Sviridenko (1924) have 
shown that various grasshopper activities 
such as roosting, migration and feeding 
are governed by certain temperature 
ranges and are not directly affected by the 
light intensity. Therefore, it appears that 
cloudy skies affect feeding through their 
influence upon the temperature. A cloudy 
sky has a tendency to decrease the soil 
surface temperature in relation to air 
temperature since a smaller percentage of 
the sunlight reaches the ground to be ab- 
sorbed by the soil than would be the case 
if the sky were clear. If the air tempera- 
ture for the baiting period were near the 
lower end of the 68 to 104° range of nor- 
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mal activity, it seems logical to assume 
that this tendency would retard feeding. 
On the other hand, if air temperatures 
were near the higher end of the range, the 
moderating effect of clouds upon the soil 
surface temperature would permit feed- 
ing to continue longer than if the sky were 
clear. 

A study of the results of individual plot- 
cage tests reveals support for these as- 
sumptions. Although the percentage mor- 
tality varied considerably in tests made 
under conditions of clouds, those having 
relatively low mean air temperatures had 
comparatively low kills. In only two of the 
cloudy-day tests did the air temperature 
go high enough to cause the moderating 
effect on soil surface temperatures to be of 
possible value in permitting feeding to 
continue. One of these tests with a mean 
air and soil surface temperature of 88.5 
and 94°, had a mortality of 54 per cent 
while the other, with mean air and soil 
surface temperatures of 86.5 and 93°, had 
a mortality of 60 per cent. It is interesting 
to compare these tests with two tests 
made on clear days. The first, with mean 
air and soil surface temperatures of 86 
and 95.5°, and the second, with air and 
soil surface temperatures of 86.5° and 
96°, had mortalities of 51 and 50 per cent 
respectively. Although only four tests are 
available to make the comparison, the 
average of the two cloudy-day tests of 57 
per cent as compared with 50.5 per cent 
for the two clear days suggests that on 
hot days cloudy skies may favorably af- 
fect bait feeding. However in this con- 
nection, it should be stated that very few 
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cloudy days occur during hot weather in 
Oklahoma. 

Pan-bait and plot-cage tests results 
agree in showing that cloudy days in 
Oklahoma are usually less favorable than 
clear ones for poisoning grasshoppers. 
This influence of cloudy skies seems to 
be due to their effect upon air and soil 
surface temperatures, particularly the 
latter. 

Time or Day.—When the pan-bait 
tests and cage tests were studied it was 
found that the time of day at which 
maximum feeding occurred varied from 
7:00 a.m. to 2:00 p.m. In twenty-six of 
the twenty-nine tests, peak of feeding oc- 
curred by 11:30 a.m. or earlier. The June 
11, 1936, test, with the maximum feeding 
period at 12:30 p.m. probably should not 
be considered in this connection since the 
first count was made at 12:00 and there- 
fore did not measure forenoon feeding. 
The two tests made on June 5 and June 
9, 1937, having maximum feeding at 
12:30 and 2:00 p.m. respectively, were 
cool days with air temperature maxima 
of 76 and 80° respectively. 

These results indicate that in Okla- 
homa maximum feeding of grasshoppers 
on bait generally occurs in the forenoon. 
On the basis of these tests, it would seem 
to be desirable to spread baits early 
enough in the morning to have it on the 
ground when maximum feeding occurs. 
However, on the basis of work establishing 
the minimum feeding temperature, bait 
should not be spread until the air or soil 
surface has reached 68—70°, the range at 
which normal activity usually begins. 
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Arsenical Residues in Straw and Grain from Wheat Dusted 
by Airplane or Treated with Poisoned Bait 
L. B. Scort,' U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


In May 1944 a moderately severe in- 
festation of armyworms, Cirphis uni- 
puncta (Haw.), occurred on wheat and 
barley in and near Robertson County, 
north-central Tennessee. As small grains, 
especially wheat, constitute a rather large 
proportion of agricultural production in 
the infested area, it was essential that 
prompt action be taken to avoid serious 
losses. Farmers having sufficient labor 
broadeast paris green-bran bait (3 or 4 
parts of paris green to 100 parts of bran, 
by weight) at the rate of 20 to 30 pounds 
per acre, but most of the growers con- 
tracted with a dusting company to apply 
home-mixed calcium arsenate-paris green 
dust (9 to 1 by weight) by airplane at the 
rate of about 20 pounds per acre. A few 
chose to use 20 pounds per acre of a cal- 
cium arsenate-paris green proprietary dust 
containing the equivalent of 34.23 per 
cent of arsenic trioxide. The bait treat- 
ment cost approximately $1 per acre, as 
compared with &3 per acre for dusting. 

The dust was applied shortly before 
dark, when there was comparatively little 
air movement, the plane flying about 15 
feet above the grain. Excellent coverage 
resulted, but the wind carried enough dust 
to adjacent fields to deposit visible resi- 
dues on them. At times the dust cloud was 
discernible more than half a mile from the 
point of application. 

Observations in several treated fields 
showed the bait and the dust to be very 
effective against the worms, and the in- 
festation to have been reduced approxi- 
mately 90 per cent in 72 hours. Bait was 
somewhat faster in its action because it 
fell to the ground, where it was available 
to the worms at all times, whereas the dust 
adhered to the foliage, which was eaten 
freely only at night and during the cooler 
parts of the day. Many untreated fields 
were 50 per cent defoliated and in some 
the loss of foliage approached 100 per cent. 
Large numbers of barley heads were 
severed from the stems, the loss amount- 
ing to 20 per cent in occasional fields, but 

1 The writer is indebted to C. M. Packard, of the Bureau of 


Entomology and Plant Quarantine, for the preparation of tables 
and part of the text. 


this type of damage did not occur in 
wheat. Reductions in yields of grain were 
not determined, but shrunken grains were 
more numerous. in fields attacked by 
armyworms than in undamaged fields. 

Shortly after the dust was applied, re- 
ports were received of dead rats, mice, 
cats, dogs, and rabbits in and near the 
dusted fields, and, according to one report, 
two cats died on a farm half a mile from 
the nearest dusted field. The cats and dogs 
were believed to have died from eating 
poisoned rabbits or poisoned grasshop- 
pers. Some of these reports were undoubt- 
edly exaggerations, but it is known that 
a few dead dogs and many dead rabbits 
were found in the affected area very soon 
after the dust was applied. Later, cattle 
were reported to have been made ill by 
eating the arsenical residues. 

In one herd of 25 cows several were seri- 
ously ill and 1 failed to recover. The ill- 
ness was characterized by loss of appetite, 
staggering gait, profuse diarrhea, subnor- 
mal temperature, sore mouth, and partial 
or complete paralysis. This herd was be- 
ing pastured several hundred feet from a 
large wheatfield while the latter was being 
dusted, and a distinct cloud of the dust 
was reported to have been carried over the 
cattle by a light breeze blowing from the 
field. Three days later 12 of the cows were 
noticeably ill and they became progres- 
sively worse during the following week. 
They were treated by a veterinarian, who 
diagnosed the trouble as arsenical poison- 
ing. Loss of appetite, stoppage of milk 
flow, subnormal temperature, and varying 
degrees of paralysis in the cattle were ob- 
served. Those that recovered did not re- 
gain full milk production, and were sold 
for slaughter at a moderate loss. So far 
as could be learned, no other farm animals 
died, but it is known that, soon after the 
dusting, 13 cows in addition to those men- 
tioned above were ill enough to require 
the services of a veterinarian. All ex- 
hibited in varying degrees the symptoms 
described. 

Requests were received from farmers 
and other agricultural workers for infor- 
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Table 1.—Arsenic content of wheat-straw samples taken at approximately 1- and 2-month intervals 


after wheat was treated with an arsenical dust or bait. Robertson County, Tenn., 1944. 








Date 
Date Wueat' Rain 
TREAT- Was Dur- 
MENT COMBINED ING 
FieLp Was AND INTER- 


No. TREATMENT 





1 Calcium arsenate- 
paris green dust! 
2 Calcium arsenate- 
paris green dust! May 25 
3 Calcium arsenate- 


May 25 June 20 0. 


June 20 


paris green dust' May 25 June 20° 
t Calcium arsenate- 

paris green dust' May 27 June 22 
5 None® — June 23 
6  Bran-paris green 

bait* May 26 June 26 
7 Calgreen dust® May 27 July 6° 
8 None? — 8 


APPLIED SAMPLED VAL 


3 


9 


_™~ 


> 


or 





As,O; Date As.O; 
PER OF Rain PER 
Pounp Seconp Srnce Pounp 
OF Sam- ‘TREAT- OF 
AsO; Straw PLING MENT AsO; Straw 








Inches P.pm. Mg. 


Inches P.p.m. Mg. 
Not over 

47.6 21.59 Aug. 11 0.5 6.3 2.86 
22.5 10.21 Aug. 11 0.5 6.3 2.86 
35.4 16.06 Aug. 11 0.5 9.1 4.13 


6.21 Aug. 11 0.5 6.7 $8.04 
Bo — — 


o~ 


3.7 1.68 Aug. 11 0.5 4.4 2.00 
39.6 17.96 — 
_— — Aug. 11 0.5 4 .18 





? Combined June 17 and 18, sampled June 20. 
1 Check field 5 was a half-mile from nearest dusted field. 


! Parts 9 to 1 by weight; applied by airplane at about 20 pounds per acre. 


‘ Parts 100 to 4 by weight, broadcast at about 30 pounds per acre. ; 

5 Presumably about 9 parts of calcium arsenate to | part of paris green by weight; applied by airplane at about 20 pounds per acre. 
6 Cut with binder June 17, threshed July 6, sample taken from strawstack July 6. 

7 Check field 8 was 4 miles from nearest dusted field. Sample was taken from inside of strawstack. 


mation concerning the advisability of feed- 
ing straw from the affected fields; conse- 
quently, from June 20 to July 6, about a 
month after the dust and bait were ap- 
plied (on May 25 to 27), samples of both 


; straw and grain were taken from treated 


and untreated areas. These were for- 
warded for analysis to the Division of In- 
secticide Investigations, Bureau of En- 
tomology and Plant Quarantine, Wash- 
ington, D. C. As rainfall was estimated at 
0.2 to 0.5 inch during the month following 
the time of treatment, it is not surprising 
that the samples contained rather large 
quantities of arsenic. Similar samples 
were taken about a month later (August 
11) to determine whether the arsenical 
residue had been reduced by wind, dew, 
and traces of rain. The data are summar- 
ized in table 1. 

Considerable information is available 
on the toxicity of arsenic to domestic 
animals. Donaldson and Welch (1938) 
make the following statement: “Accord- 
ing to J. W. Mellor [1929] a dangerous 
dose for a horse is 1900 milligrams and for 
a cow 640 milligrams. These figures are 
considerably lower than those quoted by 
some investigators [Frederick 1930].”’ Ac- 
cording to testimony of Dr. H. C. Gar- 
diner, Anaconda, Mont., in Riverside 


8 Cut with binder, date unknown, threshed July 1, sample taken August 11. 














Dairy Case, summarized by Reeves 
(1925), 20 to 30 grains of arsenic trioxide 
daily are not harmful to cattle or horses. 
In conversation, Dr. L. T. Giltner of the 
Bureau of Animal Industry, United States 
Department of Agriculture, confirmed the 
findings of Dr. Gardiner and further 
stated that 6 p.p.m. of arsenic trixode in 
30 pounds of hay, which is about twice 
the average hay ration for horses and cat- 
tle, is about one-half the therapeutic dose 
of this material. On this basis, the thera- 
peutic dose would be approximately 4 
grains (259.2 mg.) of arsenic trioxide. 

Using the low doses indicated by Mellor 
to be dangerous, and assuming the sam- 
ples taken to be representative, the num- 
bers of pounds of wheat straw that would 
contain a dangerous dose, based on the 
arsenic trioxide contents of samples given 
in table 1, were found to be as shown in 
table 2. 

The samples taken from fields 1 and 7 
about a month after treatment contained 
heavier arsenical residues than any of the 
others. Fifteen-pound rations of straw 
from these fields would contain 4.98 and 
4.15 grains of arsenic trioxide, respec- 
tively, or about 1 to 1} times the thera- 
peutic dose indicated by Dr. Giltner for 
horses and cattle. Presumably, however, 
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considerably heavier residues were pres- 
ent immediately after the dust applica- 
tions. It therefore seems probable that 
toxic quantities of arsenical residues were 
present on the foliage in the dusted fields, 
and in adjacent portions of surrounding 
fields and pastures, immediately after the 
dusts were applied. This probability is 
supported by the apparently bona fide 
accounts of sick and dead animals, both 
domestic and wild, immediately after the 


Table 2.—Weight of wheat straw containing 
arsenic in amounts dangerous for a horse or a 





Pounbs or STRAW eeesmea A 
Dancerovus Dose tx SAMPLES 
Taxes - 

June 20-July 6 
For a 
Cow 


August ll 
For a 
Cow 


For a 
Horse 


For a 
Horse 


Fietp Treat- 
No. MENT 


Num- Num- 
ber ber 


Num- Num- 
ber ber 

Dust 88 — - 
Do. 186 a 664 224 
Do. 118 460 155 
Do. 306 625 211 
None 8,261 2, = : 
Bait 1,131 b 950 
Dust 106 j — 
None 10,556 





dusts were applied, and the opinion of the 
veterinarian that at least a part of the 
trouble was due to arsenical poisoning. 

It is nevertheless of interest to note that 
by June 20 or 26 days after application, 
even with very little rainfall to remove 
residues, a horse would have had to eat ap- 
proximately 88 pounds of the straw, and a 
cow approximately 33 pounds, in field 1, 
the sample of which contained the most 
arsenic, in order to obtain the dangerous 
dose indicated by Mellor. On the basis of 
the above-mentioned statements by Drs. 
Gardiner and Giltner, the residues remain- 
ing on the straw in the fields when the 
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samples were taken on August 11 were 
well below the danger point. As indicated, 
however, by the residues found in the sam- 
ple of stacked straw from field 7, it is pos- 
sible that stacked straw from dusted 
fields might still contain enough arsenical 
residue to be dangerous to stock that feed 
on it heavily and continuously. 

As shown in table 1, field 6 was treated 
with bran-paris green bait instead of cal- 
cium arsenate-paris green dust. Attention 
is called to the fact that the arsenic con- 
tent of the sample of straw from this field 
was far below the amount considered dan- 
gerous. The lack of poison hazard from the 
use of this bait, if properly handled and 
applied, is thus indicated. 

Samples of the threshed grain were 
taken from all the fields listed in table 1, 
and were analyzed for arsenical residues 
in the Division of Insecticide Investiga- 
tions, of the Bureau of Entomology and 
Plant Quarantine. Although all the sam- 
ples, including those from untreated fields, 
contained traces of arsenic, in no case did 
the arsenical residue approach a danger- 
ous amount. 

Summary.—Observations showed that 
treatment of fields with arsenical dust ap- 
plied by airplane or with arsenical bait 
was effective in controlling armyworms, 
the infestation being reduced approxi- 
mately 90 per cent in 72 hours. Dead rats, 
mice, cats, dogs, and rabbits, as well as 
illness in a herd of cattle, were reported to 
have been observed in and near the 
dusted fields. Some analyses of straw and 
grain are presented. The residues were 
rather high on some of these materials 
(47.6 p.p.m. As-Q;); in the case of others 
the residues were low (3.7 p.p.m. As,Q;). 
Some calculations of possible amounts of 
the arsenical dust or bait necessary to 
cause poisoning are reported. These cal- 
culations are based on figures presented 
by other workers for the toxic doses of 
arsenic for cattle and horses.—5-3-45. 
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Variation in Composition and Volatility of Japanese 
Beetle Attractants During Evaporation! 


Rosert D. Crisnoim and Louis Kosuirsky, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


Various volatile liquids are used as in- 
sect attractants in connection with con- 
trol measures or for scouting purposes. 
The liquid may be a single compound or a 
mixture. The composition of the vapors 
evolved from a mixture of compounds is 
dependent upon the vapor pressures of the 
constituents and upon their proportions 
in the mixture, Since compounds of com- 
mercial grade and of different vapor pres- 
sures are often used in mixtures, the va- 
pors evolved during the early part of a 
trapping season may differ in composition 
from those evolved later in the season. 
For the same reasons the rates of vapori- 
zation may be likewise variable. A study 
of the extent to which these changes take 
place during the evaporation of several 
liquid attractants for the Japanese beetle, 
Popillia japonica Newm. (Fleming et al., 
1940; Fleming & Chisholm 1944, Muma 
et al., 1944) is described in this paper. 

Japanese beetle attractants are gen- 
erally dispensed by the bottle-and-wick 
method (Fleming et al. 1940). Conse- 
quently, the composition of the attractant 
vapors is determined by that of the re- 
sidual attractant on the surface of the 
wick. If the bottle has been charged with a 
pure compound and no décomposition 
takes place during evaporation, the com- 
position of the vapors evolved and the 
rate of vaporization at a given tempera- 
ture will remain constant. However, if the 
bottle has been charged with a non-con- 
stant-boiling mixture, the vapors evolved 
at first will contain a greater proportion 
of the most volatile constituent and a 
smaller proportion of the least volatile 
constituent than d@es the original liquid 
mixture; as the evaporation is continued, 
these proportional relations may be re- 
versed. Decomposition during evapora- 
tion may still further modify the com- 
position of the evolved vapors. 

MarTerRiALs AND Meruops.—Two 
methods, one involving fractional distil- 

' The investigation reported in this paper, which is a contribu- 
tion from the Division of Insecticide Investigations, is a continu- 
tion of a study of Japanese Seetle at‘ractants conducted over 


' period of years jointly with the Division of Fruit Insect 
lnvestigations. 


lation under reduced pressure and the 
other evaporation from a wick, were used 
to indicate the changes which take place 
in the proportions of the constituents in 
evolved vapors compared with the propor- 
tions in the original attractant mixtue 
and changes in the rates of evaporation. 

FractTionaAL DistrLLatTion.—Conven- 
tional distilling apparatus to which was 
attached a Bogert receiver was used for 
the distillation, which was conducted 
with 100-ml. portions of the attractants 
at a pressure of 3 mm. of mercury and at 
the rate of about 2 drops per second. The 
distillate was removed in 10-ml. portions, 
and distillation was continued until 9 
portions had been collected. The boiling 
temperatures were recorded, and the re- 
fractive index of each fraction was meas- 
ured. The boiling ranges of several at- 
tractants and diluents, individually and in 
mixtures, are presented in table 1. The 
refractive indices of their fractions are 
presented in table 2. 

The data in table 1 show that certain 
of the attractants, such as anethole and 
eugenol, have short boiling ranges, which 
indicate that they are relatively pure com- 
pounds. The long boiling range of the 
mineral oil indicates that it is a mixture. 
Mixtures of anethole and eugenol (90:10) 
and of geraniol and eugenol (90:10) have 
boiling points which increase regularly 
through ranges of 16 and 20 degrees, re- 
spectively. The mixture containing gera- 
niol, eugenol, Deobase, and mineral oil has 
a boiling range of over 150 degrees, which 
includes abrupt changes in boiling point 
after 60 per cent has been distilled. The 
90:10 anethole-eugenol mixture will evap- 
orate more rapidly than the comparable 
geraniol-eugenol mixture because its range 
is about 10 degrees lower. The boiling 
range of the 50:50 anethole-eugenol mix- 
ture is closer to that of the geraniol mix- 
ture. In the first part of the boiling range 
the mixture containing geraniol, eugenol, 
Deobase, and mineral oi! has a much lower 
boiling point than the geraniol-eugenol 
mixture, while in the last part of the range 
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Table 1.—Initial boiling points and boiling points during distillation of 100 ml. of Japanese beetle 


attractants. 








INITIAL 
COMPOSITION BotLine 


(Per Cent py VoLume) 


Port (°C.) mi. mi. mi. mi. mi. mi. mi. mi. mi, 


Bouine Port (°C.) arrer Disti..ation or 





50 60 7 80 = 90 


1 20 30 40 





Anethole (N.F.) 100 84 
Deobase (refined kerosene) 100 55 
Eugenol (U.S.P.) 100 100 
Mineral oil (125-135 sec. Saybolt) 100 150 
Geraniol (commercial) 100 96 
Anethole 90-+-eugenol 10 84 
Anethole 50+ eugenol 50 95 
Geraniol 90+ eugenol 10 90 
Geraniol 45+ eugenol 5+ Deobase 25 

+mineral oi! 25 62 


84 84 84 84 86 86 87 88 389 
63 66 68 70 75 77 80 82 88 
101 103 104 106 107 110 #4I11 2112 Ii3 
188 199 204 211 222 241 256 281 
97 OF 906 8 9 2 97 100 108 
8 90 9 92 97 98 98 99 100 
99 99 98 98 98 98 98 100 104: 
94 9 9 2 96 OF O97 100 110 


$81 86 89 92 93 95 105 182 215 





it is much higher. This indicates that the 
rate of evaporation of this mixture is 
variable, and that it would definitely de- 
crease as the mixture vaporized. The de- 
termination of the boiling ranges of at- 
tractant mixtures is, therefore, useful in 
gaining information regarding their rela- 
tive rates of evaporation. 

The refractive indices in table 2 afford 
evidence of changes in composition, and 
indicate the direction of shifts in the rela- 
tive proportions of the components which 
occur during distillation. It is indicated 
that anethole, eugenol, and Deobase are 
relatively pure compounds, whereas the 
geraniol is a mixture of somewhat differ- 
ent compounds. The mineral oil fractions 
differ considerably from each other, since 
the refractive indices are progressively 
greater. In general, the first fraction con- 
sisted largely of the most volatile com- 
ponent, while the ninth fraction contained 
a greater proportion of the least volatile 
component. This was definitely demon- 
strated in the fractions from the mixture 
containing geraniol, eugenol, Deobase, and 
mineral oil. The first fraction consisted 


largely of Deobase and the ninth largely of 
mineral oil. 

Evaporation Test.—Ten milliliters of 
the test attractant or eugenol (U.S.P.) 
was poured into each of five wide-mouth 
bottles (30 mm. in diameter and 45 mm. 
in height). A cylindrical wick made from 
filter paper (75 mm. in circumference and 
150 mm. in height) was placed in each 
bottle. Hollow cylindrical wicks were se- 
lected to simulate the outer layer of or- 
dinary wicks, and they were larger than 
those generally used in order to reduce 
the time required for comparing the rates 
of evaporation. The bottles were placed in 
a sheltered location where they were 
exposed to air circulation through a door 
screened with cheesecloth. One bottle and 
wick from each group of five was weighed 
with its contents before exposure, and 
twice a week during exposure. The volume 
of each attractant evaporated was then 
calculated and compared with the calcu- 
lated volume of eugenol (U.S.P.) evapo- 
rated during the same period. At the end 
of the first week a second bottle was re- 
moved from each group, and a section 22 


Table 2.—Refractive indices (a s of Japanese beetle attractants and of f0-ml. fractions collected 


during distillation. 








Composition (Per Cent sy Votume) OricrnaL 
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5550 
. 4322 
. 5390 
4720 
4848 
. 5540 
5404 
. 4900 


Anethole 100 

Deobase 100 

Eugenol 100 

Mineral oil 100 

Geraniol 100 

Anethole 90 +eugenol 10 

Anethole 50+eugenol 50 

Geraniol 90+eugenol 10 

Geraniol 45+-eugenol 5 + Deobase 25 
+mineral oil 25 
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1.4700 


5572 
4540 
. 5388 
. 4816 
4880 
5548 
5436 
4978 


. 5570 
4334 
. 5388 
4802 
4848 
. 5552 
. 5460 
. 4938 


- 5564 
. 4328 
. 5390 
.4758 
. 4836 
5550 
5478 
4906 


5558 
. 4820 
. 5390 
-4712 
4824 
5548 
. 5488 
. 4888 


5550 
4316 
- 5390 
. 4678 
. 4820 
5544 
- 5492 
4870 


5534 1.5542 
4310 1.4312 
.5388 1.5390 
4650 1.4660 
4802 1.4810 
5528 1.5536 
5498 1.5496 
4850 1.4858 


oo eo taneearenee 
st tt 
oo so wees noes 


— 


. 4842 - 46380 


— 


. 4916 


_ 
~ 


4764 


- 4828 


— 


-4596 1.4688 








Aug ust 1945 


CuisHotm & Kosuitsky: JAPANESE BEETLE Baits 


469 


Table 3.—Relative volumes of Japanese beetle attractants evaporated from paper wicks during 


eight half-weekly periods. Eugenol = 1.00. 








— 





CoMPosITION 


(Per Cent py Vo_ume) First Second 


Anethole 100 
Deobase 100 
Eugenol 100 
Mineral oil 100 
Geraniol 100 
Anethole 90+eugenol 10 
Anethole 50+ eugenol 50 
Geraniol 90+-eugenol 10 
Geraniol 50+ eugenol 50 87 
Geraniol 45+eugenol 5+ 
Deobase 25+mineral oil 25 .22 


H aur WEEsLy Pertop 


~ 


‘ 


.89 
31 





mm. long was cut from the top of the 
wick, formed into a roll of small diameter, 
and placed lengthwise in a Castaloy hose 
cock. When pressure was applied by 
means of the compression screw, the re- 
sidual attractant was squeezed from the 
wick section. A drop was collected, and its 
refractive index and that of the attractant 
in the bottle were measured. After suc- 
cessive weekly intervals the other three 
bottles were removed for similar refrac- 
tive-index measurements. The first bottle 

was also treated in the same way after its 
final weighing. The relative volumes 
evaporated are presented in table 3. 

Curves were drawn representing the 
change in refractive index of the residual 
attractant in wicks at each weekly inter- 
val and compared with the percentage of 
the charge evaporated during these inter- 
vals. The refractive indices of the residues 
taken from these curves after each 10 per 
cent of the charge had been evaporated 
are presented in table 4. 


The data in table 3 indicate that the 
initial rates of evaporation of the several 
attractants differ considerably, both with- 
in and between mixtures. For example, the 
rate of evaporation of Deobase was over 
6.5 times that of the eugenol, that of 
anethole more than 3 times, and that of 
mineral oil only 0.01 as great (almost non- 
volatile). Most of these rates decreased 
as evaporation progressed. The relative 
value for the 90:10 geraniol-eugenol mix- 
ture decreased from 1.10 during the first 
period to 0.83 during the eighth period; 
and for the geraniol-eugenol-Deobase- 
mineral oil mixture from 1.22 to 0.23 
during the same periods. The extreme 
case is that of the four-component mix- 
ture, which has a rate of evaporation 
approximating that of the 90:10 geraniol- 
eugenol mixture during the first period 
and a rate approaching that of mineral 
oil during the eighth period. This test is 
therefore useful in gaining information as 
to the rates of evaporation and the uni- 


Table 4.—Refractive indices (n2p5) of Japanese beetle attractants and of their residues in paper 





wicks during evaporation from bottles charged with 10 ml. of attractant. 





Resipve AFrer Evaporation oF Inpicatep PercentaGe OF CHARGE 





Composition (Per Cent sy Votume) Ornicrnaw! 
how thole 100 

Deobase 100 

Eugenol 100 

Mineral oil 100 
Geraniol 100 


— 


4916 49508 


Anethole 90 +eugenol 10 

Anethole 50+eugenol 50 

Geraniol 90+eugenol 10 

Geraniol 50 +eugenol 50 

Geraniol 45+eugenol 5+Deobase 25 
+ mineral oil 25 1. 1. 1.4756 1.4750 


. 55004 
1.5054 
. 51768 


5460 1.5456 
4044 1.4960 
.5148 1.5148 


. 5460 
. 4972 
.5150 


Pe ee et te tet et et et et 


. 47304 o 





Some of these values differ slightly from those in table 2 because the work was done at a different time; in some cases slight changes 
took place during storage and in others new mixtures were made up. 
* Evaporated in 1 week. 
Evaporated in Jess than 1 week. 
‘ Evaporated in 4 weeks. 
* Less than 1 per cent evaporated in 4 weeks. 
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formity of the rates during the vaporiza- 
tion of volatile attractants. 

The data in table 4 indicate that, in 
general, the composition of the attractant 
in the wick was variable throughout the 
evaporation period. This variation ap- 
peared to be negligible in som: cases. For 
example, the refractive index of anethole 
remained almost unchanged. On the other 
hand, that of eugenol increased from 
1.5390 to 1.5576. These changes may be 
due in part to decomposition on exposure 
to air and to light, and also to a more 
rapid vaporization of the more volatile 
constituents. If the evaporation had been 
continued, the attractant in the wick 
would probably have consisted largely of 
the products of decomposition and of the 
least volatile constituents. If the com- 
position of the attractant in the wick is 
- variable, that of the vapors is likewise 
variable. 

The refractive indices of most of the 
liquids in the bottles remained almost 
constant throughout the 4-week period. 
An exception was the mixture containing 
geraniol, eugenol, Deobase, and mineral 
oil. This change indicates partial evapora- 
tion of the highly volatile Deobase from 
the mixture in the bottle. 

Inasmuch as insects are attracted by 
the vapors of certain compounds, and 
this attraction is sometimes modified by 
the concentration of the vapors, it is ap- 
parent that, for best results, the composi- 
tion of the vapors and the rate of vapori- 
zation should remin constant while the 
attractant is in use. The extent to which 
changes in composition and in rate of 
vaporization influence attractiveness can 
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be determined only by tests with the spe- 
cific insect. However, it is indicated that 
in the formulation of attractants con- 
sideration should be given to distillation 
and evaporation tests such as those de- 
scribed above. 

SummMary.—A study has been made of 
the changes in composition and in rates of 
evaporation during the vaporization of 
Japanese beetle attractants. Two methods 
of study were used—fractional distilla- 
tion under reduced pressure and evapora- 
tion under normal temperature and pres- 
sure from hollow cylindrical wicks. Com- 
parisons of the boiling ranges of mixtures 
with that of a standard are indicative of 
the relative rates of evaporation, whereas 
comparisons of the refractive indices of 
the individual fractions with that of the 
original attractant indicate the uniform- 
ity of the composition of the evolved 
vapors. Similar comparisons in the evap- 
oration test involve determination of the 
weight of attractant vaporized and meas- 
urement of the refractive index, n4), 
of the residual attractant in the wick at 
specified intervals. When these methods 
were applied to certain Japanese beetle 
attractants, considerable variation was 
found in the rates of evaporation, both 
within and between attractants. In some 
cases the composition of the evolved va- 
pors remained almost constant, whereas 
in others the composition was variable 
and approached that of the decomposition 
products or of the least volatile constitu- 
ents. The results indicate that the meth- 
ods described may be useful in the formu- 
lation of insect-attractant mixtures.— 
5-18-45. 
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Dr. Dean RETIRES 


Dr. Geo. A. Dean, who has been connected with 
the Department of Entomology of Kansas State 
College for 43 years, and Head of the Department, 
Entomologist of the Kansas Agricultural Experi- 
ment Station, and State Entomologist of Kansas 
for 31 years, has retired as Professor Emeritus of 
Entomology. Doctor Dean plans to spend the greater 
part of his time with the college and agricultural 
experiment station, assisting with college and experi- 


ment station work. Since retiring, his name has 
appeared as co-author of one United States De- 
partment of Agriculture bulletin, two bulletins of the 
Kansas Agricultural Experiment Station, two 
scientific papers, and one book on “Common Insects 
of Kansas.”” He soon will submit the manuscript for 
an agricultural experiment station bulletin on the 
beetle which is seriously defoliating elm trees at Man- 
hattan, and other cities in Kansas and Oklahoma. 





s-Methylallyl Chloride as a Fumigant for Insects Infesting 
Stored Corn! 


Crartes H. Ricwarpson, Iowa Agricultural Experiment Stationand H. H. WaLkpen, 
U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine* 


8-Methylallyl chloride is a relatively 
new fumigant. Its usefulness as a gaseous 
insecticide was apparently first pointed out 
in 1938 by Briejér (1938, 1939a). A more 
detailed publication by the same author 
appeared in 1939- (Briejer 1939b). The 
compound has also been tested as a fumi- 
gant for insects that infest stored prod- 
ucts by Peters (1938, 1939), by Hymas 
(1940), by Van der Laan (1940) and by 
Richardson & Casanges (1942). Gough 
(1942) tried it as a soil fumigant against 
wireworms, H. H. Richardson (1948) on 
bedbugs, and David (1944a and b) has 
recently investigated its use for con- 
trolling the body louse. 

8-Methylallyl chloride, or 3-chloro-2- 
methylpropene-l(CH:C(CH;) -CH,Cl), is 
a colorless liquid with a molecular weight 
of 89.5, specific gravity (20°/4°) 0.925, 
weight per gallon, 7.71 pounds, and boil- 
ing point 72° C. Its odor is rather strong 
but not oppressive, suggesting to some 
persons the odor of the lighter petroleum 
fractions. It burns with a smoky flame and 
forms explosive mixtures with air; the ex- 
plosive range of the air mixtures, accord- 
ing to Briejér (1939b), lies between 93 and 
875 grams per cubic meter (5.80 and 23.41 
pounds per 1000 cubic feet). The lower 
limit would seldom be reached in practical 
fumigation. The compound is sometimes 
referred to as methallyl chloride or as 6- 
methallyl chloride. 

In view of the favorable results reported 
in the literature, 8-methylallyl chloride 
was investigated as a fumigant for con- 
trolling the insects infesting shelled corn. 
Although Briejér did some work with 
corn, and he states that corn can be suc- 
cessfully fumigated with §-methylally! 
chloride, most of his studies were con- 
cerned with other stored products. The 
information reported herein was obtained 

‘ Journal Paper No. J-1260 of the Iowa Agricultural Experi- 
ment Station, Ames, Iowa. Project No. 735. 

* Acknowledgments. The writers are indebted to the Shell 
Development Company for certain materials and technical in- 
formation; to R. T. Cotton, Bureau of Entomology and Plant 
Quarantine, H. J. Barre, formerly with the Agricultural Engi- 
neering Section, Iowa Agricultural Experiment Station, and 
G. C. Decker, formerly with the Entomology and Economic 
“ology Section of the same Station, for advice and information 


on various matters; and to Mrs. L. L. Stitt for assistance in 


making the laboratory tests. 


in the period from June 1942 to August 
1944 at Ames and Boone, Iowa. 

Mareriats.—The test insects were the 
red flour beetle, Tribolium castaneum 
(Hbst.), and the saw-toothed grain beetle, 
Oryzaephilus surinamensis (L.), two of the 
common “bran bugs” associated with in- 
sect infestations of shelled corn (Decker 
1941) and stored wheat, and the rice 
weevil, Sitophilus oryza (L.), a primary 
grain pest which is not uncommon. 

Tribolium castaneum and Oryzaephilus 
surinamensis were cultured in a mixture 
containing approximately 9 parts (bulk 
measure) of an equivolume mixture of 
corn meal (prepared from whole-corn 
kernels) and commercial rolled oats, and 
1 part of a commercial food preparation’ 
to which a little brewer’s yeast was gen- 
erally added. About 5 cc. of water per 
quart of food was added once a week to 
each culture. The cultures were: held at 
room temperature (generally between 20° 
and 30° C.). S. oryza was reared according 
to the method of Hamner (1943). The 
cloth bags containing the moist whole 
corn and the insects were kept in an in- 
sulated box in which the temperature was 
maintained at about 25° to 30° C. by the 
heat arising from the fermenting corn. 
New cultures of all species were started 
at frequent intervals to assure fresh sup- 
plies of vigorous insects. 

Two grades of 8-methylallyl chloride 
were used in the investigation, a com- 
mercial product, dark in color and con- 
taining 95 per cent or more of 8-methylal- 
lyl chloride with isocrotyl chloride as the 
chief impurity,‘ and a pure sample dis- 
tilled from the commercial product. 

No significant difference could be 
found between the toxicities of the com- 
mercial product and the redistilled sam- 
ple. When tested against Sitophilus oryza, 
isocrotyl chloride proved significantly less 
toxic than #-methylallyl chloride. The 
carbon tetrachloride used in certain mix- 
tures was a commercial sample which 


? Pablum, Mead Johnson and Company, Evansville, Indiana. 
4 According to Mr. Harry Sutherland, Shell Development 
Company (from correspondence). 


471 








472 


yielded toxicity results not significantly 
different from those obtained with a re- 
distilled sample of high purity. 

Mernops.—Two types of laboratory 
tests were used for estimating the toxicity 
of the fumigant, and field tests were made 
to evaluate §-methylallyl chloride-car- 
bon tetrachloride mixtures under prac- 
tical conditions. Tests were also made to 
determine the effect of the compound on 
the viability of corn and wheat. 

The laboratory tests were made in 
empty containers, and in containers filled 
with corn. For the tests im empty space, 
balloon flasks of 5.5 liters capacity served 
as containers. Each flask was equipped 
with a glass lid ground to fit snugly to the 
neck of the flask. The lid was sealed to the 
flask with a mixture of vaseline and tale 
(about equal parts of each), and all out- 
side apertures were sealed with a mixture 
of equal parts of beeswax and paraffin to 
minimize the chance of leakage. Such pre- 
cautions are important when the experi- 
mental containers are held in a current of 
air within the constant-temperature ap- 
paratus, as they were in all these tests. 
The fumigant was introduced through a 
hole in the lid of each flask from a burette 
graduated in 0.01 cc. The test insects were 
confined in cages made of screen wire or in 
large gelatin capsules with silk cloth ends 
suspended in the center of the flasks. 

Glass jars of 1-gallon capacity served as 
containers for the experiments in corn- 
filled space. The screw lids for the jars 
were fitted with gas-tight gaskets. Each 
jar held 5 pounds of shelled corn, which 
varied in moisture content from about 8 to 
12.9 per cent in the different tests. This 
quantity of shelled corn did not entirely 
fill the jar, but left an overspace equal to 
about 19 per cent of the total volume.The 
test insects, in cages, were located at the 
top (about one-kernel depth below the 
surface), and at the bottom (about 6.5 
inches below the surface) of the corn 
mass. 

The exposure period was never less than 
24 hours and sometimes longer, and dur- 
ing that time the temperature was main- 
tained constantly at 30° C. (86° F.). 

At the end of the exposure period, the 
cages were removed from the flasks or 
jars, the insects were supplied with food— 
water-soaked corn for Sitophilus oryza, 
freshly ground corn meal for the other 
species—and held at room temperature 
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for 4 days. The percentage that died in 
each sample was then determined. 

The test insects were taken at random 
from a large pooled group of active indi- 
viduals obtained from the cultures for each 
day’s work. The samples consisted of 
about 50 to 100 or more insects, and usu- 
ally 2 to 5 samples were tested at each of a 
series of dosages extending well over the 
range of those that would produce about 
zero to about 100 per cent mortality. 
Each day’s testing generally included 
trials with a sample at a low, at a medium 
and at a relatively high dosage level; and 
insofar as possible all replications were 
made on different dates. The combined 
replicate samples which were used to com- 
pute the percentages of mortality in the 
various laboratory tests ranged from 98 to 
588 individuals of Tribolium castaneum, 
from 132 to 457 individuals of Oryzaephi- 
lus surinamensis and from 51 to 635 indi- 
viduals of Sitophilus oryza. 

Control samples, comparable in size to 
those fumigated, accompanied each day's 
tests. The combined replicate samples of 
control insects in the tests with Tribolium 
castaneum ranged from 389 to 1679 indi- 
viduals, with “natural” mortalities of 0.3 to 
4.0 per cent; the Oryzaephilus surinamen- 
sis controls ranged from 424 to 1081 in- 
sects, with mortalities of 0.9 to 1.6 per 
cent; and the Sitophilus oryza controls from 
426 to 1503 insects with mortalities of 0.6 
to 2.8 per cent. The highest control value, 
4.0 per cent, was obtained with a single 
combined sample of 7. castaneum; the 
usual control mortalities for this species 
were 2.1 to 2.3 per cent. 

Dosage-mortality curves were calcu- 
lated from the laboratory data by the 
Bliss (1935) method. They are expressed 
in cubic centimeters of the fumigant for 
both 50 per cent (LD50) and 95 per cent 
(LD95) net mortality. Net mortality rep- 
resents the observed mortality after ad- 
justment for mortality in the controls 
(Abbott 1925). The probit-logarithmic 
curves from which the dosages were calcu- 
lated never followed a straight-line trend 
throughout their entire length; however 
dosages within the range of probits 4.00 
and 6.65, in which LD50 and LD95 fall, 
could usually be fitted satisfactorily by a 
straight line. As a consequence largely of 
the attempt to fit straight lines to data 
that do not follow closely a linear trend, 
and of the steep slope of the lines whereby 
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few observations contribute to the calcula- 
tion, the chi-square values always showed 
heterogeneity. The confidence limits for 
chances of 19 in 20, given in the tables, 
were calculated by formula No. 19 of Bliss 
(1938). 

The field tests were made in shelled 
corn stored in steel bins of 2000 and 2740 
bushels capacity. The test insects were 
exposed to the action of the fumigant by 
means of probes or “check sticks” eonsist- 
ing of 1-inch dowels 3 feet long, fastened 
together with perforated sheet-metal 
sleeves in such a manner that a cell was 
formed at each union. A screen-wire cage 
filled with wheat or cracked corn and con- 
taining the test insects was placed in each 
cell. The check sticks, which could be 
made up in any desired length, were 
thrust vertically to the bottom of the bins 
so that insects would be exposed at 3-foot 
levels from the top to the bottom of the 
bins. Check sticks were put in each bin at 
the 4 compass points, about 3 feet from 
the wall and also in the center. In addition 
cages were placed 6 inches below the sur- 
face of the grain near the check stick. The 
fumigants were applied as a coarse spray 
to the surface of the grain by means of a 
compressed air sprayer. Mortality in the 
cages was recorded 3 days after applica- 
tion of the fumigants. 

The effect of the compound on the via- 
bility of both corn and wheat was deter- 
mined by treating 5-pound lots of the 
grains in sealed gas-tight jars of 1-gallon 
capacity. Both long (168-hour) and short 
(24-hour) exposure periods were used with 
the temperature constant at 30° C. After 
exposure the grain was aerated and held 
at room temperature until sampled for the 
germination tests. Samples were taken for 
this purpose 5 to 30 days after fumigation 
and, for certain tests, again 10.5 months 
after fumigation. All tests for germination 
were made by the Iowa State College 
Seed Laboratory according to the rules 
adopted by the Association of Official 
Seed Analysts. 

Resvutts AND Discusston.—Tests in 
free space.—8-methylallyl chloride was 
tested against 3 species of insects in empty 
balloon flasks with the results that are 
shown in table 1. 

The confidence limits for the 3 species 
overlap, indicating that these insects un- 
der the experimental conditions are ap- 


Ricuarpson & WALKDEN: 8-MetHyLALLYL CHLORIDE 


473 


proximately equal in susceptibility to B- 
methyllallyl chloride. 

Tests in 5-Pounp Lots or SHELLED 
Corn.—The compound was tested against 


Table 1.—Toxicity of 6-methylally! chloride to 
test insects in empty space. Exposure 24 hours, 
temperature 30°C. 








LD50 
cc. Per Lirer 


LD95 

INSECT cc. perk Lirer 
Tribolium castaneum ’ 
Oryzaephilus surinamensis 
Sitopiilus oryza 





0.0118+ .0019 
. 0092 + .0027 
-0082+ .0021 


0.0088+ .0019 





the 3 species of insects, caged and buried 
in dry corn in glass jars of 1-gallon capac- 
ity. Table 2 presents the results. 

Table 2.—Toxicity of 3-methylallyl chloride to 
the test insects in 1l-gallon jars containing 5 


pounds of corn. Exposure 24 hours, tempera- 
ture 30°C. 











PositIoN 
or In- 
SECTS IN 
Corn 


LD50 


cc. PER 5 Las. cc. 
Tribolium castaneum Top 0.036+ .011 0.051+. 
Bottom 041 .055 
Oryzaephilus surina- Top .055+ .011 068+. 
mensis Bottom 058 .073 
Sitophilus oryza Top 025+ .011' 037+ . 
.054+ .010? 065+ . 
Bottom 030 045! 
059% 078 


INsEcT 





1 1942 values. 2 1944 values. 


No significant difference in mortality 
between the insects located near the top 
and at the bottom of the corn is shown by 
these data. This appears to indicate that 
dry corn does not absorb excessive quan- 
tities of 8-methylallyl chloride. 

The resistance of the 3 species of in- 
sects to this fumigant in dry corn is ap- 
proximately equal, in confirmation of the 
results obtained in empty space. The up- 
per figures for Sitophilus oryza (values ob- 
tained in 1942) are low, but the lower fig- 
ures (1944 values) agree very well with 
the values for the other species. 

A single experiment, with Tribolium 
castaneum as the test insect, was made 
with a longer exposure period, 1 week, at 
a temperature of 30° C. The dosages (LD 
50 and LD 95) for insects located at the 
top position in the jars were 0.038 cc. and 
0.047 ce. per 5 pounds of corn, respec- 
tively. The corresponding dosages for the 
bottom position agreed closely. These dos- 
ages are almost identical with those calcu- 
lated for the 24-hour exposure, and they 
suggest that mortality of this insect from 
8-methylallyl chloride was complete in 24 
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hours or less under the conditions that 
prevailed. 

Tests with 8-methylallyl chloride—car- 
bon tetrachloride mixtures in 5-pound lots 
of corn.—Mixtures of 8-methylallyl chlo- 
ride and carbon tetrachloride in various 
proportions were compared for toxicity to 
Tribolium castaneum and Sitophilus oryza 
in jars containing 5 pounds of dry corn. 
Corresponding information for the toxic- 
ity of the two compounds, used separately 
is included with the data for the mixtures 
in table 3. 
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shelled corn stored at Boone, Iowa, in 
steel bins of 2000 and 2740 bushels capac- 
ity. Carbon tetrachloride alone was ap- 
plied to other bins at dosages of 1 and 2 
gallons per 1000 bushels for comparison, 
The temperature of the corn in the center 
of the bins averaged 70° F. The test in- 
sects were laboratory-reared individuals; 
the percentages of mortality for Tribolium 
castaneum were obtained on 658 to 1492 
individuals, those for Oryzaephilus suri- 
namensis on 127 to 2915 insects, and those 
for Sitophilus oryza on 864 to 2105 indi- 


Table 3.—Comparative toxicity of 3-methylallyl chloride, carbon tetrachloride, and §-meth- 


ylally! chloride-carbon tetrachloride mixtures. 
corn. Exposure 24 hours, temperature 30°C. 


ests in I-gallon jars containing 5 pounds of 








MIXTURE 





8-methylallyl chloride 
8-methylally] chloride 
8-methylallyl chloride—carbon tetrachloride mixture 
8-methylallyl chloride—carbon tetrachloride mixture 
8-methylallyl chloride—carbon tetrachloride mixture 
8-methylally! chloride—carbon tetrachloride mixture 
8-methylally! chloride—carbon tetrachloride mixture 
8-methylallyl chloride—carbon tetrachloride mixture 
Carbon tetrachloride 

Carbon tetrachloride 





PERCENTAGE LD50 LG95 
or Com- CC. PER CC. PER 
PONENTS 5 LBs. 5 Laps. 
(BY VOL.) INSECT Corn Corn 

100 T. castaneum 0.039 0.053 

100 S. oryza -042 056 

75-25 T. castaneum .044 .058 
75-25 S. oryza .039 051 
50-50 T. castaneum .066 084 
25-75 T. castaneum .108 .182 
16.7-83.3 T. castaneum 119 .138 
16.7-83.3 8S. oryza .107 135 
100 T. castaneum .183 . 169 
100 S. oryza . 166 . 232 





Note: The LD50 and LD95 values for the 16.7-83.3 mixtures were calculated from the data for the top position only; all other 
values are from the combined data for the top and bottom positions. 


The toxicity of the 75-25 per cent 8- 
methylallyl chloride-carbon tetrachloride 
mixture to Tribolium castaneum and 
Sitophilus oryza was not distinguishable 
from that of 8-methylallyl chloride alone, 
but with increasing percentage of carbon 
tetrachloride in the mixtures there was a 
progressive decrease in toxicity. None of 
the mixtures tested showed a significant 
difference in toxicity to the above-men- 
tioned insects. Carbon tetrachloride alone, 
however, proved to be significantly more 
toxic to 7’. castaneum than to S. oryza. The 
trend of these data suggests that £- 
methylallyl chloride-carbon tetrachloride 
mixtures which contain more than 83.3 
per cent of carbon tetrachloride by vol- 
ume will approach pure carbon tetrachlo- 
ride in toxicity to these species. 

FUMIGATION IN STEEL Brys.—Three 6- 
methylallyl chloride-carbon tetrachloride 
mixtures, containing 9 per cent, 12.5 per 
cent, and 16 per cent by volume of 8- 
methylallyl chloride, were applied at a 
dosage of 2 gallons per 1000 bushels of 


viduals. Three days after application of 
the fumigants the insects were removed 
and the mortality was determined. No 
controls accompanied these tests. The re- 
sults are summarized in table 4. 

The data from these field trials show an 
upward trend in efficiency from the 9-91 
mixture to the 12.5-87.5 mixture. The dif- 
ference between the 12.5-87.5 and the 16- 
84 mixtures is of no practical significance. 

At the 2-gallon dosage carbon tetra- 
chloride alone approached the 6-methylal- 
lyl chloride-carbon tetrachloride mixtures 
in effectiveness against Tribolium casta- 
neum and Oryzaephilus surinamensis, but 
it was less effective against Sitophilus 
oryza. These results confirm, in general, 
the results from the laboratory experi- 
ments, which indicate that 8-methylally! 
chloride mixtures containing more than 83 
per cent of carbon tetrachloride will tend 
to assume the toxic characteristics of that 
compound. The higher toxicity of carbon 
tetrachloride for 7. castaneum than for S. 
oryza indicated by the laboratory experi- 
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ments is also confirmed; and the data indi- 
cate, further, that a similar differential ex- 
ists between O. surinamensis and S. oryza. 

In practical fumigation with these mix- 
tures a margin of safety should be allowed, 
and for use at a dosage of 2 gallons per 
1000 bushels of corn a mixture containing 
a higher percentage of #-methylally! 
chloride, perhaps 20 per cent and 80 per 
cent of carbon tetrachloride (volume ba- 
sis), appears to be indicated. 





Table 4.—Results of the fumigation of shelled corn stored in steel bins at Boone, Iowa. 
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corn, and one lot of wheat were available 
for the germination tests. The differences 
in moisture content were obtained by se- 
lection of samples from the same lot of 
grain stored under outdoor and indoor 
conditions. The results of these tests are 
given in table 5. 

No deleterious effect on germination 
was observed in corn or wheat of 9.1 per 
cent or less moisture content when fumi- 
gated with 6-methylallyl chloride at dos- 




















DosaGcE Morta.ity 

PER gs =a 

1000 Numper T.casta- O. suri- 8. Mean, 

BU. CAPACITY OF neum namensis — oryza all bins 

FUMIGANT Gaus. BusHe.s Bins Per Cent Per Cent Per Cent Per Cent 

s-methylallyl chloride, 9%; 2 2000 2 83.2 93.0 79.2 
Carbon tetrachloride, 91% 2 2740 2 89.7 91.8 93.9 87.5 
8-methylallyl chloride, 12.5%; 2 2000 3} 87.1 94.9 82.5 
Carbon tetrachloride, 87.5% 2 2740 2 94.9 99.2 96 .0 93.3 
s-methylallyl chloride, 16%; 2 2000 2 90.3 96.9 90.1 
Carbon tetrachloride, 84% 2 2740 l 91.5 97.7 97.2 94.0 
Carbon tetrachloride 1 2000 2 71.2 87.1 39.4 
Carbon tetrachloride 1 2740 2 66.5 85.8 55.9 56.1 
Carbon tetrachloride 2 2000 2 88.6 94.7 60.5 
Carbon tetrachloride 2 2740 2 91.7 92.6 59.2 74.9 








1 Includes one bin at McCallsburg, Iowa. 





The writers have experienced no ill ef- 
fects from handling 6-methylallyl chloride 
in the laboratory and in the field tests. 
Briejér (1939b) states that to higher ani- 
mals this compound is only a little more 
poisonous than carbon disulfide. David 
(1944b) recommends the use of gas masks 
for operators who work continually with 
this compound. Such precautions would 
apply to all fumigants. 

Effect of 8-methylallyl chloride and an 
ethylene dichloride-carbon tetrachloride 
mixture on the germination of corn and 
wheat.—§-methylallyl chloride and an 
ethylene dichloride-carbon tetrachloride 
mixture (75-25 per cent by volume) were 
tested for their effect on the germination 
of corn and wheat by exposure of the seed 
to the fumigant in gas-tight 1-gallon glass 
jars. The latter mixture has been em- 
ployed widely for controlling insects in- 
festing stored grain, and is considered to 
be relatively harmless to the germination 
of many kinds of seeds at dosages nor- 
mally used. The tests with this mixture 
were made for comparative purposes. 

Two lots of shelled corn, one of U. S. 
No. 1 grade and the other a hybrid seed 





ages up to 1.00 ec. per 5 pounds (2.96 
gallons per 1000 bushels) and exposures 
up to 168 hours. A dosage of 1.00 ce. per 
5 pounds is about 13 times the maximum 
dosage required under the same conditions 
to kill 95 per cent of the test insects. 

In grain of higher moisture content an 
increasingly severe effect on germination 
was observed, as may be noted in table 5. 
A dosage of 0.50 ce. per 5 pounds (1.48 
gallons per 1000 bushels) caused a de- 
crease of 21 per cent units in corn of 12.9 
per cent moisture and a decrease of 12 per 
cent units in wheat of similar moisture 
content exposed for 168 hours. When the 
dosage was increased to 1.00 cc. per 5 
pounds (2.96 gallons per 1000 bushels) the 
germination of this corn and wheat was 
depressed 41 and 52 per cent units, respec- 
tively, after a similar exposure period. At 
higher dosage the effect on wheat was 
more severe, and at 5.00 cc. per 5 pounds 
(14.80 gallons per 1000 bushels) the wheat 
showed a negligible percentage of germi- 
nation, while 8 per cent of the corn ex- 
posed to this dosage was still able to pro- 
duce normal seedlings. 

It seems probable that corn or wheat of 
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Table 5.—Effect of fumigation with -methylallyl chloride and ethylene dichloride—carbon tetra- 
chloride mixture on the germination of corn and wheat. 
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GERMINA- 

TION 

BEFORE 

Ex- Morstrure' Fvumigca- 
POSURE CONTENT TION 

. (Hours) (Per Cent) (Per Cent) Per Cent 


GERMINATION AFTER FUMIGATION 








10.5 months 
Change 
Per Cent 

Points 


5-30 days 
Change 
Per Cent 
Points 


Dosace 
Ga.s/ 
1000 Bt 


DosacE 
cc/5 LBS. 


Per Cent 


Corn 8-methylallyl chloride 

0.01 0.03 24 .§ 66 66 0 
.05 15 24 R i6 68 +2 
.10 .30 24 § 68 +2 
.50 .48 24 71 +5 
.00 .96 24 ; 68 +2 
50 40 24 . 24 —37 
00 80 24 2. j 14 —47 
50 20 24 .d 12 —49 
00 24 6 } 10 —§1 
50 .48 168 ‘ .§ ; 46 —21 
00 96 168 : 2 26 —41 
50 168 ; f 13 —54 
00 SU 168 : ’ j 8 —59 
10! .30 168 90 0 
.50! 45 168 90-8U2 90 0 
Th 96 168 90-80? 95 +5 
oo! 168 90-80? 61 —29 


ed 
~~ Oe SHO ee 


— 


carbon tetrachloride mixture 
90-80? 88 —2 
90-80? 92 +2 
90-80? 91 +] 
90-80? 90 0 


Ethylene dichloride 
168 

168 8. 

168 8. 

168 8 


.10 
50! 
00 
5.00* 


Wheat 8-methylally! chloride 
2.56 . 58 24 10. 92 82 —10 
5.00 24 10. 92 63 — 29 
1.00 24 12. 95 83 —12 
65 168 9. 95-842 98 +3 
1.00 168 9. 95-8¥ 95 0 
.10 : 168 12. 95 84 —}} 
.50 : 168 12. 95 83 —i2 
.00 168 12. 95 43 — 52 
.00 168 12. 95 1 —94 


carbon tetrachloride mixture 
10 168 9. 95-84 99 +4 
.50 ; 168 9. 95-84 93 —@2 
65 “a 168 9. 95-84 95 0 
1.00 168 9. 95-84 98 +3 
5.00 : 168 95-847 97 +2 
.10 of 168 95 88 ‘—7 
1.00 j 168 95 87 —s8 
5.00 168 95 87 —'s 


Ethylene dichloride— 


Om wet me et es 


pad fed te 
woe eS 





!A commercial hybrid seed corn. 
? Percentage germination before fumigation and of the control 10.5 months after fumigation. 


per cent moisture content, respectively, 
up to dosages three times the commercial 
dosage for shelled corn. The decrease in 
viability 10.5 months after fumigation 
was about the same as for the unfumi- 


moisture content safe for storage will not 
suffer material loss of germination by 
fumigation with dosages of 8-methylallyl 
chloride that will kill most species of grain- 
infesting insects, unless the exposure pe- 


riod is excessively long. 

The ethylene dichloride-carbon tetra- 
chloride mixture failed to produce any 
observable deleterious effect on germina- 
tion in either corn or wheat of 8.2 and 9.1 


gated controls. 
SumMARY.—-Methylallyl chloride, a 
relatively new fumigant, was investigated 
for its usefulness in the fumigation of 
shelled corn. Its physical characteristics, 
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inflammability and effect on human 
health suggest that it can be used success- 
fully with reasonable precautions. 

In laboratory tests using small gas-tight 
containers, both empty and filled with 
corn, #methylallyl chloride was about 
equally toxic to adults of the red flour 
beetle, the saw-toothed grain geetle and 
the the rice weevil. 8-methylallyl chloride- 
carbon tetrachloride mixtures containing 
75 per cent by volume of 8-methylallyl 
chloride were not distinguishable in effec- 
tiveness from 8-methylallyl chloride alone. 
Beyond this point the toxicity to the three 
test insects decreased with increasing pro- 
portion of carbon tetrachloride in the mix- 
tures; but a mixture containing 16.7 per 
cent of 8-methylally] chloride still revealed 
equal toxicity to the red flour beetle and 


these insects approached that of carbon 
tetrachloride. 

Trials in shelled corn stored in steel bins 
2000 and 2740 bushels capacity gave 93 
and 94 per cent kills of the three test in- 
sects with carbon tetrachloride mixtures 
containing 12.5 to 16 per cent of 8-methyl- 
allyl chloride when applied at a dosage of 
2 gallons per 1000 bushels. For practical 
use a mixture containing 20 per cent of f- 
methylallyl chloride at the rate of 2 gal- 
lons per 1000 bushels of shelled corn 
stored in steel bins is suggested. 

The germination of corn or wheat of 9.1 
per cent moisture content in gas-tight con- 
tainers was not reduced by dosages of B- 
methylallyl chloride sufficient to kill the 
test insects, and probably most other 
grain-infesting species. Injury to germi- 























nation increased with dosage and with 
moisture content of the grain. The ethyl- 
ene dichloride-carbon tetrachloride mix- 
ture (75-25) caused no observable reduc- 
tion in the germination of corn and wheat. 
4-9-45. 


the rice weevil. Carbon tetrachloride 
proved more toxic to the former insect 
than to the latter; and as the 8-methylal- 
lyl chloride content of a mixture was de- 
creased below 16.7 per eent, its toxicity to 
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Fumigants for the Cadelle in Shelled Corn! 
Cuar.es H. Ricnarpson, Iowa Agricultural Experiment Station, Ames 


Although the cadelle Tenebroides mau- 
ritanicus (L.), is a well-known grain pest, 
its control by means of fumigants has not 
been extensively investigated. Carbon 
disulfide has been tested against this in- 
sect by several workers (Hinds & Turner 
1910; Kirby 1920, Back & Cotton 1925, 
1926; Stracener 1934), carbon tetrachlo- 
ride by Chittenden & Popenoe (1911), and 
Back & Cotton (1926), ethyl acetate- 
carbon tetrachloride mixture by Back & 
Cotton (1925, 1926), ethylene dichloride- 
carbon tetrachloride mixture by Twinn 
(1934), chloropicrin by Spencer (1920) 
and Piatti (1921), ethylene oxide by Back 
et al. (1930) and trichloroethylene by 
Bouhelier & Foury (1936, 1938). These 
appear to be the more important pub- 
lished records; yet in most of them the 
cadelle was not the primary test insect, 
and in some the observations were of an 
incidental nature. Nevertheless, the ca- 
delle occurs frequently, sometimes in de- 
structive numbers, in farm bins and com- 
mercial storage, and it has been considered 
one of the more difficult of the grain-in- 
festing insects to control with fumigants 
(Back & Cotton 1925, Stracener 1934). 

This investigation was undertaken 
principally with reference to the control 
of the adult cadelle in shelled corn. The 
toxicity of 7 compounds and one mixture 
was determined, and the post-fumigation 
behavior of the insects was observed in 
some detail. 

Mareriats AND Metuops.——The test 
insects were adults reared in the labora- 
tory. The fumigants were commercial 
samples of 1,1-dichloro-1-nitroethane,’ 
carbon disulfide, 8-methylallyl chloride,’ 
carbon tetrachloride, ethylene dibromide,‘ 
1,1,2-trichloroethane,‘ ethylene dichloride 
and a mixture’ of 10 parts methyl bro- 
mide and 90 parts carbon tetrachloride 
by volume. 

The insects were cultured in a mixture 
of 3 parts (bulk measure) whole corn, 1 
part cracked corn and corn meal and 1 


t Journal Paper No. J-1262 of the Towa Agricultural Experi- 


ment Station, Ames, Iowa. Project No. 735. ? 
2 Ethide, furnished by the Commercial Solvents Corporation, 


New York, N. Y. : ' 
* Furnished by the Shell Development Company, Emeryville, 


California. ; ez 
": Purnished by the Dow Chemical Company, Midland, Michi- 


gan. 


part cracked wheat with about a gram of 
brewer's yeast added to each quart. In 
some cultures the proportion of whole 
corn was doubled without apparent 
change in the results. Each week, water 
was added to the cultures in the propor- 
tion of 5 ec per quart of food mixture. 

The fumigants were tested in gas-tight, 
1-gallon jars containing 5 pounds of dry 
shelled corn (moisture content 8 to 10 per 
cent). This quantity of corn fills 81 per 
cent of the volume of the jars, leaving 19 
per cent of space above the corn surface. 
The test insects, in groups of 10 indi- 
viduals confined in screen-wire cages, were 
placed on the bottom of the jars, 6.5 
inches below the surface of the corn. The 
fumigants were dropped on the surface of 
the corn from a micropipette graduated in 
0.01 ec. All exposures were for 24 hours 
with the temperature constant at 30° C. 

Samples of 10 insects were used because 
the supply of beetles was limited, and, 
further, because much larger numbers of 
these rather aggressive insects cannot be 
kept together in small containers without 
injuring one another. The samples for 
each day’s testing were taken at random 
from a pooled group drawn from the cul- 
tures. From four to six tests were gen- 
erally made at each dosage, each replicate 
test on a different date; and from three to 
six dosages were used in establishing the 
dosage-mortality curve for each fumigant. 

After fumigation, the test insects were 
given moist cracked cereal food, and mois- 
ture was supplied them several times 
weekly until the end of the observation 
period. All samples were examined on the 
4th, 9th and 13th days following the 24- 
hour exposure period. Record was made 
of the number of insects apparently dead, 
moribund (alive but unable to walk) and 
alive in each sample. 

For determination of the median lethal 
dose (Lv50) and the 95 per cent lethal 
dose (LD95), the records taken on the 
13th day were used exclusively, the mori- 
bund insects being included with the dead 
insects in determining the percentages of 
mortality. The crude percentages of mor- 
tality were corrected for natural (control) 
mortality; and the corrected values were 
used in calculating the probit-logarithmic 
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Table 1.—Toxicity of fumigants to adult Tenebroides mauritanicus in 5-pound lots of shelled corn. 


Exposure 24 hours; temperature 30° C. 








LD50' 


Vol- 
ume Weight 


FUMIGANT 


cc, per 


ce. 


g. per 


5 lbs. 5 lbs. 6 

1,1-Dichloro-l-nitroethane 0.019 0.0277 0. 
Ethylene dibromide 020 = .043 
Carbon disulfide .102% .129° 
Methyl bromide-Carbon tetra- 

chloride Mixture (10+90 parts 

by volume) 120.191 
3-methylallyl chloride ‘" > i ~ 
Carbon tetrachloride .276 §=6. 438 
1,1,2-Trichloroethane .852 .508 
Ethylene dichloride 467.585 


V 


PERCENTAGE OF Morisunp INsEcTs 


LD95'! IN THE Post-FuMIGATION PeRtIopD 
ol- 4 9 13 
ume Weight days days days 

per g. per 
lbs. 5 lbs. 
OF 0.0384 2 0 0 
036 078 + 0 0 
ll? .104 13 12 1 
.161 . 256 2 1 1 
208.192) ‘“ 
‘191.177 12 . ‘ 
455 .723 42 38 32 
. 566 .817 18 6 0 
903 1.135 7 4 2 





! Based on insects dead and moribund 13 days after fumigation. 
? Estimated from graphic analysis. 


curves from which LD50 and LD95 were 
obtained. In the 281 control insects, 0.7 
per cent were dead from “natural” 
causes on the 4th day, 2.1 per cent on the 
9th day and 2.8 per cent on the 13th day 
following the exposure period. 

ResuLts AND Discussion.—The toxic- 
ity of the 8 fumigants is shown in table 1. 
The figures express the ability of these 
materials under the conditions to pene- 
trate shelled corn and kill adult cadelles. 
They do not necessarily represent the 
relative toxicity of these fumigants in free 
space or in space filled with other types of 
commodities. 

1,1-Dichloro-1-nitroethane and _ ethyl- 
ene dibromide were most toxic and appar- 
ently similar in their effects when dosage 
was expressed on a volume basis. On a 
weight basis, 1,1-dichloro-l-nitroethane 
was the most toxic fumigant in the group. 
Carbon disulfide, the methyl bromide- 
carbon tetrachloride mixture and £- 
methylallyl chloride occupied an inter- 
mediate position with carbon disulfide, 
perhaps, the most effective. Carbon tetra- 
chloride was more toxie than 1,1,2-tri- 
chlorethane and ethylene dichloride on 
either a volume or weight basis but the 
differences are not statistically distinct at 
the 5 per cent probability level. 

Two mortality curves were determined 
for 8-methylallyl chloride, the first (up- 
per figures, table 1) about 5 weeks earlier 
than the second (lower figures, table 1). 
The LD values are in fair agreement, in- 


dicating that the resistance of the insects 
in the cultures remained stable to this 
compound during the period. 

An estimate of the relative resistance 
of the cadelle to fumigants in shelled 
corn was made by comparing the data in 
table 1 with data obtained under com- 
parable experimental conditions with sev- 
eral other common corn-infesting species. 
Published data are available for 8-methyl- 
allyl chloride against Tribolium castaneum 
(Hbst.), Oryzaephilus surinamensis (L.) 
and Sitophilus oryza (L.), and for carbon 
tetrachloride against 7’. castaneum and S. 
oryza (Richardson & Walkden 1945). Un- 
published data are also available for car- 
bon disulfide against T. castaneum and O. 
surinamensis, for carbon tetrachloride 
against O. surinamensis and for ethylene 
dichloride against O. surinamensis and S. 
oryza. Using the LD50 values for the 
comparison, the dosage requirement of 
carbon disulfide, 8-methylallyl chloride, 
carbon tetrachloride and ethylene di- 
chloride for the cadelle was about double 
that necessary for the three species men- 
tioned. The minimum was a 1.5-fold 
greater dosage of carbon disulfide for the 
cadelle than for Oryzaephilus surinamen- 
sis, the maximum a 3.2-fold greater dos- 
age of §-methylallyl chloride for the 
cadelle than for 7. castaneum. The re- 
sults lend support to published observa- 
tions regarding the relatively great resist- 
ance of the cadelle to fumigants; and they 
suggest that when this insect is present in 
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destructive numbers in stored, shelled 
corn, the usual dosage of the fumigants 
in question should be approximately 
doubled. 

Early in the investigation it was noticed 
that the cadelle may not be killed outright 
by certain fumigants, but that some indi- 
viduals may remain alive, though unable 
to walk, for 18 days or more after ex- 
posure. In table 1, the percentage ratio of 
these moribund individuals to the total 
number of insects exposed to all dosages of 
each fumigant is given for the 3 intervals 
of the post-fumigation period. Carbon 
tetrachloride was outstanding in its abil- 
ity to produce this moribund condition. 
After exposure to all doses of carbon 
tetrachloride except the lowest, the per- 
centage of moribund insects generally ex- 
ceeded the dead. The other fumigants 
which produced a moribund condition af- 
fected a smaller proportion of the insects, 
largely at doses intermediate between the 
high and low dosage levels. All the insects 
treated with carbon tetrachloride which 
were moribund on the 13th day of the 
post-fumigation period were so deeply af- 
fected that the chance of later recovery 
was slight. 1,1-Dichloro-1-nitroethane, 
ethylene dibromide and the methyl bro- 
mide-carbon tetrachloride mixture showed 
very little of the moribund-producing ef- 
fect. Dilution of carbon tetrachloride with 
10 per cent of methyl bromide by volume 
was sufficient to remove largely the ability 
of the carbon tetrachloride to produce the 
moribund condition. 

Carbon disulfide was the only fumigant 
in this group which revealed a marked, re- 
versible anesthetic action on the cadelle. 
Revival was most noticeable at the inter- 
mediate dosages, and between the 4th 
and 9th days of the post-fumigation pe- 
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riod. Hamlin & Reed (1927) have dis- 
cussed at some length the anesthetic ef- 
fect of carbon disulfide on Oryzaephilus 
surinamensis and Plodia interpunctella 
(Hbn.). 

Summary.—1,1-Dichloro-1-nitroethane, 
ethylene dibromide, carbon disulfide, 
methyl! bromide-carbon tetrachloride mix- 
ture (10+90 parts by volume), 8-methyl- 
allyl chloride, carbon tetrachloride, 1,1,2- 
trichloroethane and ethylene dichloride 
were tested as fumigants in the laboratory 
on adult Tenebroides mauritanicus buried 
in small quantities of dry shelled corn. 
Methods of rearing the insects and the 
testing technique are described briefly 
1,1-Dichloro-1-nitroethane and ethylene 
dibromide were similar in toxic effect and 
they were the most toxic fumigants in the 
group. The next 3 fumigants occupied an 
intermediate position with respect to rela- 
tive toxicity with carbon disulfide, per- 
haps, the most toxic. Carbon tetrachloride 
was most toxic of the remaining 3 com- 
pounds, but the differences between the 
dosages for 50 per cent mortality are not 
significant. 

The adult cadelle is more resistant than 
Tribolium castaneum, Oryzaephilus suri- 
namensis and Sitophilus oryza to carbon 
disulfide, 8-methylallyl chloride, carbon 
tetrachloride and ethylene dichloride. The 
experiments suggest that the usual dosage 
of these fumigants for the latter insects 
must be doubled to obtain effective con- 
trol of the cadelle. 

Carbon tetrachloride produced a mori- 
bund condition in many of the cadelles 
which persisted for 13 days after fumiga- 
tions. At that time none of the moribund 
insects appeared able to recover. At cer- 
tain dosages, carbon disulfide produced a 
reversible anesthetic effect.—4-9-45. 
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Adsorption of Methyl Bromide and its Residual Effect on 
Fruitfly Mortality 


Joun W. Batock and Donaxp F. Starr, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


In the course of fumigation studies 
conducted in Mexico City from 1941 to 
1944,’ with methyl bromide on immature 
stages of the Mexican fruitfly, Anastrepha 
ludens (Loew), in mangoes, observed mor- 
talities at the longer periods of exposure 
had a tendency to run lower than expected 
mortalities calculated from the probit- 
logarithm of time transformation (Bliss 
1935). The mortality curve, instead of 
continuing as a straight line, became con- 
vex at the higher mortalities. This sug- 
gested the possiblity that the dosages 
originally applied did not act equally 
against the entire population. This condi- 
tion could arise by adsorption or absorp- 
tion of the gas, or by leakage. Ia any case 
it would result in a steadily decreasing 
concentration of gas. It is also possible 
that the gas was reaching the deepest lar- 
vae in the fruit slowly or in lower concen- 
tration. 

Metnops.—The studies were con- 
ducted in a fumigating chamber con- 
structed from a steel drum of 59.6-gallon 
capacity, fitted with a manometer, a 
thermometer well, an 8-inch electric fan 
for circulating the gas, and a tube and 
stopcock through which the gas was in- 
troduced into the fumigating chamber. 
The cover was fitted with a rubber gasket 
and sealed with clamps. A simple closed 
burette was used to measure the required 
dosages of liquid methyl bromide (Starr, 
et al. 1945) and the gas was introduced 
into the fumigating chamber by fitting 
the burette tip snuggly into a stopper in 
the entrance tube. The tube and valve 
were warmed with an alcohol lamp to 


! D. F. Starr, E. W. Baker, and J. W. Balock, unpublished re- 
ports. 


cause all the methyl bromide to vaporize 
and pass into the chamber. In some of the 
earlier experiments the gas was allowed to 
enter under its own pressure, but later the 
practice was to reduce the pressure in the 
drum by about 500 mm. of water and to 
allow the methyl bromide to be swept in, 
keeping the valve open until the pressure 
inside the drum equalized with the atmos- 
pheric pressure. 

To determine whether the drum was gas 
tight, compressed air was forced in to a 
pressure of 495 mm. of water above 
atmospheric. The drum was placed in a 
conditioning room maintained at a con- 
stant temperature of 25° C. During a 
period of 3 days the decrease in pressure 
was approximately 28 mm. of water, 
which was less than 0.34 per cent of the 
gas present. 

Methyl bromide concentrations in the 
drum were studied over a period of time 
by chemical analysis. The Volhard method, 
as described by Stenger et al. (1939), was 
used for this purpose. Evacuated sampling 
flasks of either 520-ml. or 550-ml. capac- 
ity were used for withdrawing samples 
from the charged drum at intervals after 
the gas was introduced. Tests were con- 
ducted at room temperature, which 
ranged between 20° and 25° C. 

EXPERIMENTAL Data.—The first tests 
were made while the inside of the drum 
had a coating of black paint which had 
been put on to obtain better heat distribu- 
tion. The drum was also loaded with five 
empty wooden fruit boxes. Liquid methyl 
bromide at the rate of 3 pounds per 1000 
cubic feet (6.44 ml.) was introduced into 
the drum. Analyses of gas samples re- 
moved at intervals indicated loss, prob- 
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ably through adsorption. Since this could 
have been caused by paint, wood, or both, 
the paint was removed from the inside of 
the drum, first by scraping and then with 
a solvent, and the test was repeated. The 
analyses conducted as before continued 
to indicate a rather high but reduced rate 
of adsorption. This likewise could have 
been caused by the metal lining of the 
chamber, the wooden boxes, or both. The 
boxes were then removed and the test was 
repeated. The analyses are recorded in 
table 1 and figure 1. 
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Fic. 1.—Adsorption of methyl bromide in metal 
drum fumigated at the rate of 3 pounds per 1000 
cubic feet when exposed to paint and wood (curve 
A), steel and wood (curve B), and steel (curve C). 


From table 1 it may be inferred that the 
exposed steel surface adsorbed 0.16 pound 
(about 5 per cent) of the original 3 pounds 
of methyl bromide introduced, the wooden 
boxes 1.09 pounds (36 per cent), and the 
paint 0.61 pound (20 per cent). The fore- 
going tests were repeated several times 
and gave results which agreed closely. As 


JoURNAL OF Economic ENTOMOLOGY 


Vol. 38, No. 4 


the surface covered by paint was only 
3071 square inches as compared with 
3525 square inches for the surface of the 
wooden boxes, it would appear that the 
difference in the adsorption rates of these 
two materials is probably not quite so 
great as indicated. 

The reversal of the adsorption process 
was tested as follows: Eight days after 
one of the tests with the painted drum plus 
the five wooden boxes, the drum was 
opened and the inside swept with com- 
pressed air for about 10 minutes to re- 
move all free methyl bromide. The drum 
was then sealed, and air samples were 
withdrawn at intervals and analyzed. The 
following amounts of methyl bromide 
were released at these intervals: 

Lb. per 1000 
cu. ft. 
0.13 

.38 
43 


Hours 
0.25 
16.58 
40.66 

64. 66 41 

95.00 43 
Since a cabinet constructed of asbestos 
board and provided with a glass door had 
been used occasionally for fumigation 
studies at this laboratory, tests were con- 
ducted to determine whether these mate- 
rials adsorbed methyl bromide. Clean 
panels of window glass totaling 3525 
square inches of surface on both sides 
were stacked on end in the drum and 
separated to permit access of gas to all 
surfaces. Methyl bromide was introduced 
at the rate of 3 pounds per 1000 cubic 
feet, and samples of gas were removed and 
analyzed as before. Analyses showed the 


Table 1.—Loss of methyl bromide concentration in metal drum fumigated at the rate of 3 
pounds per 1000 cubic feet after exposure for various periods to paint, steel, and wood. 








Drum Parntep Biack 
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Time After Methyl Bromide 
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Time After Methyl Bromide 


Lost Fumigation Lost 





Lbs. per 1000 
Hours cu. fet. Hours 
0.42 0.08 0.08 
18 .92 1.00 
.33 .96 17.77 
.20 1.20 19. 
.20 1.18 24.6 
.28 1.24 41. 
42 1.26 46. 
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1 
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50 57 65. 
0 66 89. 
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gas concentration to be prac*ically the 
same as in those tests conducted in an 
empty drum. This indicates that glass 
adsorbs little, if any methyl bromide. 

The test with glass was duplicated, 
using asbestos-board panels 5/16 inch 
thick in place of the glass, with results in- 
dicating that asbestos board did not ad- 
sorb appreciable amounts of the gas. 

No quantitative tests were conducted to 
determine the time required to release gas 
adsorbed by the materials tested. How- 
ever, some observations were made with 
living adults of the Mexican fruitfly 
placed in the empty drum before the paint 
was removed, and with the lid on lightly 
after the drum had been aired, with occa- 
sional sweeping, for various periods after 
fumigation. Mortality readings were made 
24 hours after removal. The results are 
presented in table 2. 

Table 2.—Mortality of Mexican fruitflies after 


15 hours’ exposure in a closed painted steel drum 
after various airing intervals. 








AIRING Fries DEAD oR 
TIME EXposeD MorispunD 
Days Number Per Cent 

3 19 95 
4 18 78 
12! 20 90 
17 20 90 
23 26 58 





! Flies were exposed for 17 hours. 


These studies show that the materials 
in the construction of a fumigating cham- 
ber used for methyl bromide and the ma- 
terial in the holding boxes for the product 
fumigated are factors to be considered in 
fumigation. Results of experiments con- 
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ducted in one type of chamber might not 
apply equally to all chambers. In order to 
be assured of comparable gas concentra- 
tion throughout a series, in experimental 
work consideration should be given to the 
airing time required between experiments 
to release gas adsorbed by the lining of 
the chamber and the holding boxes. 

Summary.—During the course of fu- 
migation studies with methyl bromide 
against immature stages of the Mexican 
fruitfly, Anastrepha ludens (Loew), the 
possibility of adsorption by the lining of 
the fumigating chamber and the fruit con- 
tainers was investigated. The loss of gas, 
indicated by chemical analysis, was due 
to adsorption on paint, wood, and steel. 
From an initial dosage of 3 pounds per 
1000 cubic feet the wooden containers for 
fruit adsorbed about 36 per cent and the 
black paint covering the inside of the 
drum 20 per cent. With the paint removed 
the amount of adsorption on the steel lin- 
ing of the fumigating chamber was only 5 
per cent. The reversal of the adsorption 
process was tested by sweeping the fumi- 
gating chamber with compressed air for 10 
minutes and then resealing. The gas con- 
centration inside the drum increased from 
0.13 pound per 1000 cubic feet after 0.25 
hour to 0.43 pound after 40.66 hours, 
where it apparently reached equilibrium. 
Window glass and asbestos-board panels 
were also tested for adsorption with nega- 
tive results. Adult Mexican fruitflies were 
enclosed in the fumigating chamber for 15 
hours after the chamber had been aired. 
Mortality after 3 days’ airing was 95 per 
cent and even after 23 days 58 per cent of 
the flies sueccumbed.—4-11-45. 
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Value of Pollen Substitutes for Brood Rearing of Honeybees: 


Myxora H. Haypax, 
University of Minnesota, St. Paul 


In previous publications (Haydak & 
Tanquary 1943) the use of a mixture con- 
sisting of four parts of soybean flour and 
one part of dry skim milk by weight was 
recommended for feeding of bees when re- 
serves of pollen are not present in the 
hives and a new supply is not available in 
nature. Although the controlled experi- 
ments showed that dried yeast was supe- 
rior to dry skim milk as a food for bees, the 
latter was selected because of its inex- 
pensiveness and general availability. As 
the war has caused a shortage of dry skim 
milk it was deemed necessary to investi- 
gate the efficiency of some other more 
available food materials, namely dried 
brewers’ yeast, dried egg yolk and pollen 
collected by bees as supplements to soy- 
bean flour. 

The procedure in these experiments did 
not appreciably differ from that described 
previously (Haydak & Tanquary 1943). 
However, in order to evaluate the influ- 
ence of tested foods on the brood rearing 
activity of bees more thoroughly, the ex- 
periment was carried for three consecutive 
ten-day periods instead of one as was done 
in the previous tests. The appearance of 
the first sealed cell in each colony was 
noted and ten days later the total number 
of sealed cells and that of the unsealed 
larvae were ascertained. Then each col- 
ony was supplied with a cake made of 200 
grams honey and 70 grams dry pollen sub- 
stitute. The counting of the total brood 
was later repeated at the end of each 10- 
day period. 

Soybean flour produced by the expeller 
method and containing about 7 per cent 
fat was used. Two types of dried brewers’ 
yeast were tested: “Medicinal” yeast, 
used for human consumption, and “‘ani- 
mal” yeast utilized in animal feeding. 
Dried egg yolk produced by the spray 

rocess served for supplementing the soy- 
an flour—‘medicinal” dried brewers’ 
yeast mixture. Pollen collected by the 
bees at the University apiary during the 
1 Paper No. 2230 Scientific Journal Series, Minnesota Agri- 
cultural Experiment Station, St. Paul. 


The author is grateful to Dr. C. E. Mickel for his helpful sug- 
gestions during the preparation of the manuscript. 


month of August of the previous year was 
used for mixing with soybean flour. The 
experiment was started by the middle of 
July 1944. Two colonies made of about 
10-hour old bees which had never eaten 
any pollen were employed for testing 
each of the foods. Dry skim milk, “ani- 
mal” dried brewers’ yeast and pollen were 
mixed with soybean flour in the propor- 
tion of one to four by weight. “Medicinal” 
yeast-soybean flour proportion was 1:9 
by weight. Five per cent of dried egg yolk 
was added to medicinal yeast-soybean 
flour mixture. Because it was necessary to 
soak the pollen pellets in water before 
mixing with soybean flour and honey, the 
paste for distribution to the cells of the 
combs for feeding bees during the first 
10-day period was made as follows: 35 
grams dry pollen substitute mixture, 20 
cc. water, and 200 grams honey. 

The strength of each colony at the be- 
ginning of each 10-day period was estab- 
lished by subtracting the weight of dead 
bees from the original weight of bees used 
in establishing the nucleus. This was done 
in order to ascertain to what extent the 
strength of the colonies would be corre- 
lated with the variations in the results ob- 
tained. The queens added to the nuclei 
were all good layers, forming compact 
brood nests in the colonies from which they 
were taken out. 

The indices of food efficiency were ob- 
tained by assigning one point to the food 
giving the lowest average brood produc- 
tion in each category (sealed and unsealed 
larvae) and dividing by this lowest aver- 
age the averages of the brood counts in the 
colonies supplied with other foods. The 
sum of points for sealed and unsealed 
brood gave the index for each ten-day pe- 
riod; the sum of indices for the three peri- 
ods gave the total index of food efficiency. 

The results of the experiment are pre- 
sented in Table 1. From the table it is evi- 
dent that the strength of the colonies used 
in the experiment may be considered to be 
about equal. Certainly slight differences in 
the weight of the initial population did not 
influence the outcome of the feeding in 
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Table 1.—General results with feeding pollen substitutes. 
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each group because some of the nuclei 
containing less bees produced more brood. 
The same can be said about the strength 
of the colonies at the beginning of the 
second and the third 10-day periods, 
even when the increase in the strength of 
the colonies due to the addition of the 
newly emerged bees produced by respec- 
tive colonies is taken into consideration. 
Mortality in the experimental colonies 
was about the same proportion. 

All the colonies used in the experiment 
reared brood. However, throughout the 
duration of the test those nuclei which 
were fed dried brewers’ yeast mixture 
with or without an addition of dried egg 
yolk showed a better performance than 
those fed either dry skim milk or pollen 
formulas. It is of interest to note that 
there was a very small number of unsealed 
larvae in the colonies fed dried skim milk 
at the end of the first 10-day period, and 
the larvae present ranged from hatched 
to those one and a half days old. Although 
there were more unsealed larvae during 
the last two periods, only a few of the 
larvae were 3 to 6 days old (19 total), 
the age of the remainder being less than 
3 days. The last count of brood showed 
the age of the majority of the larvae to 
be from hatched to about 1 day old, 


only a few being two and a half days 
old. The number of sealed cells in the 
second and the third periods was also 
very low. One of the possible causes 
of such results may have been the low 
consumption of the dry skim milk supple- 
mented cakes, actually the lowest of all 
the experimental colonies. The fact that 
the bees of the initial population devel- 
oped their bodies normally and produced 
a considerable amount of normal brood 
during the first ten-day period would 
support this assumption. 

Pollen-fed colonies showed a better per- 
formance. Although the age of the un- 
sealed larvae at the end of the first period 
ranged in both colonies only from hatched 
to two and one half days old, the brood 
rearing in one of the colonies in the second 
period was normal, unsealed larvae being 
represented by all ages as it occurs in a 
normal outside colony. The other pollen- 
fed colony behaved like those fed dried 
skim milk. At the end of the third period 
both pollen-fed colonies had a majority 
of hatched to day-old larvae and only 
very few older larvae were present in the 
colony which reared brood normally in 
the second period. As a matter of fact, 
the colony with the better performance 
had fewer original bees at the beginning of 
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Table 2.—Total brood rearing activity of experimental colonies. 








TOTAL 
SEALED UNSEALED 
CELLS 


SUPPLEMENT TO 

SoyBEAN FLour No. 

Skim milk powder 1278 

Pollen 1238 

“Medicinal” Dried Brewers’ Yeast 2440 

“Animal” Dried Brewers’ Yeast 2105 
“Medicinal” Dried Brewers’ Yeast and Dried 

Egg Yolk 2680 


Tora Totat Broop Propuction Inpex 
Broop —— 
LARVAE No. or Index for Total 


No. CELLS Sealed Cells Index 





1046 2324 

702 1940 
1144 3584 
1740 3845 


2231 4911 





the second and the third periods. Pollen- 
supplemented cakes were consumed satis- 
factorily. 

The brood rearing in the colonies fed 
both kinds of dried brewers’ yeast with 
or without an addition of dried egg yolk 
was about normal. This is evident from a 
comparison of the number of unsealed 
larvae with the number of sealed cells in 
consecutive periods. In no case was there 
so great a difference as in the colonies fed 
dried skim milk or pollen. The consump- 
tion of the dried brewers’ yeast supple- 
mented cakes, with or without an addition 
of dried egg yolk, was satisfactory. 

A number of dead unsealed larvae was 
observed in every experimental colony 
during the first period, the largest number 
being in the colonies fed pollen and “ani- 
mal”’ dried yeast, the lowest in those fed 
“medicinal” dried yeast and dry skim 
milk. This phenomenon gradually disap- 
peared and no dead larvae were present 
in the third period. Also some pupae were 
removed by the bees from sealed cells. 
This happened in all the colonies under 
experiment. 

Periodical microscopic examinations 
did not show any spores of Nosema or 
other diseases of adult bees. 

In order to evaluate the total brood 
production in each of the food groups of 
the experimental colonies, the total num- 
bers of sealed cells, those with unsealed 
larvae and the combined number of 
sealed and unsealed larvae were computed 
for the whole experimental period in each 
group of colonies used in the test (Table 
2). 

It is evident from the table that the 
difference in the results is not as great 
as when the brood rearing activity is com- 
puted separately according to the periods 
and the age of the brood. The total brood 
production in the colonies fed dried skim 
milk and the pollen in addition to soybean 


flour was about the same. The colonies 
fed dried brewers’ yeast with or without 
dried egg yolk supplement, produced 
about twice as much brood, no matter 
whether we count only sealed cells or total 
brood. The indices for open brood were 
not computed because many of the larvae 
in the colonies fed dried skim milk and, 
to a lesser degree, in those fed pollen 
supplement never reached the sealing 
stage. 

After the end of the experiment the 
cages with the colonies used for testing 
dried animal yeast and dried egg yolk 
cakes were placed in a greenhouse. The 
colonies were somewhat strengthened by 
an addition of bees from the “medicinal” 
dried yeast-fed nuclei, and were given 
“animal” dried yeast-soybean flour cakes 
ad libitum. Periodical brood counts were 
made to establish how long the bees fed 
a pollen substitute will continue their 
brood rearing activity. The colonies 
gradually weakened but on November 1 
all of them still had sealed cells and un- 
sealed larvae of all stadia. Pollen sub- 
stitute cakes were consumed well. How- 
ever, on November 22 only one, the 
strongest of the colonies, had 39 sealed 
cells and 17 larvae in all stadia present. 
The brood was normal and healthy in ap- 
pearance. The rest of the colonies stopped 
their brood rearing activity, only a few 
bees and a queen remaining in each hive. 
The fact that the bees could rear brood 
normally for four months while given 
dried brewers’ yeast-soybean flour cakes 
in confinement proves without any doubt 
that the mixture is an effective food for 
bees. 

The question arises why soybean flour 
alone is not an effective food for bees. 
Heat-treated soybean oil meal or flour is 
considered to be an excellent protein 
source for many domestic animals (Barnes 


& Maack, 1943). On the levels that soy- 
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bean flour is fed to bees there is appar- 
ently no danger of deficiency of any 
amino-acids which are known to be essen- 
tial for the normal development of higher 
animals. Under natural conditions pollen 
alone supplies all the essential factors 
necessary for the proper development of 
bee population. Although pollens have a 
high nutritive value, nevertheless experi- 
ments conducted by Vivino and Palmer 
(1944) with feeding ether extracted mixed 
pollens to rats indicated that pollen pro- 
teins are probably deficient in trypto- 
phane and methionine (or cystine). This 
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preparing pollen substitutes are com- 
pared (Table 3). 

From table 3 it is evident that soybean 
flour is significantly deficient in riboflavin 
and an addition of any of the supplements 
used in the experiment increases the ribo- 
flavin value of the diet of bees. Insects are 
known to require riboflavin for their nor- 
mal development (Fraenkel & Blewett 
1943). Whether it is the sole factor in 
soybean flour which makes it inadequate 
for the normal development of bees re- 
mains to be seen. 


SumMARY.—Queenright colonies of 


Table 3.—Vitamin content of foods per 100 grams (fresh basis) 
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finding would tend to support the as- 
sumption that it is not the protein of soy- 
beans which is the limiting factor in the 
normal development of bee population 
when soybean flour alone is fed to bees. 

Mineral (2.7 to 6.0 per cent) and fat 
(5 to 7 per cent) contents of soybean 
flours recommended for preparing pollen 
substitutes is high enough to justify the 
assumption that those constituents are 
supplied in the amounts sufficient for the 
proper development of bees. (In compari- 
son natural pollens have 1.4 to 4.4 per 
cent fat and 2.2 to 2.9 per cent mineral 
content.) However an entirely different 
picture is obtained when the vitamin con- 
tent of pollen and the materials used in 


about equal strength composed of emerged 
bees which had never eaten pollen were 
kept in confinement and fed soybean flour 
supplemented with one year old pollen, 
dry skim milk, dried brewers’ yeast and 
dried egg yolk. The mortality of the ex- 
perimental bees and their brood rearing 
activity was noted. The experiment 
lasted for three consecutive 10-day per- 
iods. The mortality in all the experi- 
mental colonies was about the same. 
Colonies fed soybean flour supplemented 
with dried brewers’ yeast alone or with 
an addition of dried egg yolk produced 
about twice as much brood as those fed 
soybean flour supplemented with either 
dry skim milk or pollen.—5-5-45. 
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The Association of Nematodes of the Genus Diplogaster 
with White-Fringed Beetles 
R. B. Swain, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


Several nematode species of the genus 
Diplogaster, including D. aerivora Cobb, 
determined by G. Steiner,' have been 
found in widespread association with the 
white-fringed beetles, Pantomorus spp., in 
the course of a study of their nematode 
parasites conducted during the years 
1940-44, in the Southeastern States. D. 
aerivora was originally described from 
Kansas (Merrill & Ford, 1916), and 
closely related, if not conspecific, forms 
are reported from Wisconsin and New 
Jersey. The taxonomy of the genus is in 
process of revision, but species of Diplo- 
gaster, described as parasites, commensals, 
or free-living worms, are found in all parts 
of the United States and Europe. 

The first recorded observation of nem- 
atodes of this genus inside a living white- 
fringed beetle larva, Pantomorus pere- 
grinus Buch., was made in September 
1940. At this time their movements with- 
.in the anterior portion of the thorax were 
seen through the integument of the host. 
The nematodes in various stages of de- 
velopment were dissected from the body 
cavity of the larva and were later deter- 
mined by G. Steiner as belonging to a 
probably new species of Diplogaster. One 
species of Diplogaster or another was 
found externally on many white-fringed 
beetle larvae, pupae, and adults, which 
were subsequently collected and held for 
observation. It was soon apparent that 
the nematodes did not always behave as 
parasites. Repeated attempts to infect 
healthy larvae resulted in failure. The po- 
tentialities of the new Diplogaster as a 
vector of disease were studied, but it was 
not possible to draw any definite conclu- 
sions from the experiments performed. 
Finally, it was tentatively assumed that 
Diplogaster was primarily a saprophagous 
species. 

Although no other species of nematodes 
are so frequently encountered in associa- 
tion with white-fringed beetles, it was not 
until April 1, 1943, that Diplogaster was 


_! Dr. Steiner’s determination of specimens and his kindly ad- 
vice and assistance during the course of these investigations is 
gratefully acknowledged. 


again found in a living white-fringed 
beetle larva. By August 1944 nine other 
white-fringed beetle larvae or adults and 
one elaterid larva were found alive and 
parasitized by Diplogaster. There is no 
doubt that as yet undescribed species of 
Diplogaster as well as D. aerivora, at least 
on occasion, are capable of entering and 
destroying white-fringed beetles. 

So far as is known, the life histories of 
the species of Diplogaster associated with 
the white-fringed beetles are identical. 
The ensheathed third instar, the so-called 
“dauer” larva, is the stage of the nema- 
tode which is found free in the soil or ad- 
hering to the larval, pupal, or adult white- 
fringed beetles. The dauer larva is also the 
infective form, which may enter the 
mouth or anus of the host and penetrate 
into the body cavity. 

The average length of 25 dauer larvae of 
Diplogaster aerivora from beef extract-agar 
culture was 0.35 mm., the maximum 
length 0.43 mm., and the minimum 0.28 
mm. (measurements by K. S. Littig). The 
cuticle bears distinct, rather coarse longi- 
tudinal striations. Conspicuous and dis- 
tinctive exterior structures are the com- 
paratively large, elliptical, and apparently 
cup-shaped amphids, or lateral organs. 
The buccal cavity is very much reduced, 
the dauer larva differing in this respect 
from the other larval and adult stages of 
the nematode. A special feature of the 
dauer larva is the sticky nature of its 
cuticle, which enables it to adhere to the 
integument of the host insect. In water 
preparations numbers of the nematodes 
may come together and form tight “rafts” 
which float on the surface. In some in- 
stances dauer larvae by the hundreds have 
been found on a single white-fringed beetle 
larva. When not conspicuously situated, 
many of them may be found in the folds 
of the integument, particularly in the deep 
fold just back of the head, and about the 
mouthparts. On the adult insect the 
nemas occur under the elytra, about the 
ovipositor, and, most frequently, in the 
sockets of the thoracic segments in which 
the coxae rotate. In these protected places 
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the nemas can withstand extremely ad- 
verse environmental conditions which 
may be fatal to the host insect. 

Development to the adult stage occurs 
only when the insect to which the dauer 
larva is attached dies, or under certain 
conditions when the nematodes have 
penetrated to the body cavity of the host. 
The sex ratio is about 1:1. During most 
of its life the adult female is oviparous. 
Later, eggs begin hatching within the 
body of the mother. Eventually the body 
contents of the mother nematode are 
completely consumed and replaced by 
closely packed larval nemas. The complete 
life cycle requires 4 to 5 days. This is 2 
to 3 days less than the period required 
for the life cycle of parasitic species of 
nematodes belonging to the genus Neo- 
aplectana, with which Diplogaster is fre- 
quently associated in the same insect. 

Merrill & Ford (1916) reported Diplo- 
gaster aerwora from the heads of living 
termites and as predators on grasshopper 
eggs in Kansas. This species has also been 
reported from dead pupae of the corn ear- 
worm, Heliothis armigera (Hbn.), and the 
rose leaf beetle, Nodonota puncticollis 
(Say), according to Christie (Chitwood 
and Chitwood, 1937). Diplogaster seems 
to be associated with Japanese beetle 
larvae in New Jersey, but workers there 
do not refer to it as a parasite (Glaser 
1932). Merrill & Ford state that small 
numbers of Diplogaster larvae (probably 
the ensheathed stage) in the head tissues 
of termites do not bring about the rapid 
death of the host. When large numbers of 
larvae are present the host becomes slug- 
gish and dies, and after the host’s death 
the nematodes develop to adulthood. 

Chamberlin (1944), in Wisconsin, found 
larval stages of nematodes, presumed to 
be Diplogaster, in the head tissues or at- 
tached to the external surfaces of white 
grubs, Phyllophaga spp. but rarely found 
the nematodes in the anterior portion of 
the alimentary tract. He believes that. the 
presence of the nemas in the head tissues 
may lead to the death of the grubs, but he 
states that reproductive stages were never 
recognized until after the death of the 
host, when the worms multiplied and be- 
haved as scavengers. 

At the Gulfport, Miss., laboratory, in- 
fective Diplogaster larvae have not been 
taken from the head tissues of white- 
fringed beetle larvae as frequently as has 
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been reported for termites and white 
grubs. In most of the instances where 
Diplogaster was found in living white- 
fringed beetle larvae they were either ex- 
clusively or most abundantly located in 
that part of the thorax which is just back 
of the head, although they were also dis- 
sected from the head. It is not known just 
where the nema penetrates the alimentary 
tract to reach the body tissues or body 
cavity. Development to the adult stages 
and reproduction have been observed in 
living hosts. 

The most common relationship between 
Diplogaster and white-fringed beetles is 
that in which the dauer larva merely rides 
about upon the integument of the insect, 
entering it only after the death of the 
host, to grow and multiply. The nema- 
todes need not penetrate the tissues of the 
dead insect to mature and reproduce. 
Numerous white-fringed beetle larval 
cadavars have been dissected in which 
there were no nematodes, but upon whose 
moist and somewhat decomposed exteriors 
nemas in all stages of development 
abounded. 

White-fringed beetle larvae sustaining 
lacerations from which they might other- 
wise recover are subject to invasion by 
Diplogaster, and it may be that larvae 
weakened by any cause are particularly 
subject to invasion by way of the mouth 
or anus. Sometimes living insect larvae 
associated with nematodes show signs of 
old sears; in other cases no trace of a lesion 
of any kind can be found. In the labora- 
tory Diplogaster has been observed to pene- 
trate, develop, and reproduce in the moist 
space between the old and new integu- 
ments in a molting white-fringed beetle 
larva. 

The number of white-fringed beetles 
that succumb to the direct attack of 
Diplogaster is not positively known, but it 
may be assumed that this number is rela- 
tively small, from the fact that never, 
either in the laboratory or in the field, has 
it been possible to credit Diplogaster with 
any significant control of white-fringed 
beetle populations. Many laboratory ex- 
periments were performed to test the 
previously mentioned undescribed species 
of Diplogaster and D. aerivora as parasites 
and as vectors of a disease of white-fringed 
beetles. After exposure periods of a month 
or longer the mortality of host larvae in 
test cages was seldom greater than in the 
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checks, although D. aerivora was proved 
to be parasitic in Pantomorus peregrinus. 
The feeding stages of Diplogaster ingest 
bacteria and can egest them in a living 
state. When the nematodes are cultured 
on agar together with the bacterium Ser- 
ratia marcescens the gut cells of the 
nematodes take on a brilliant red color. 
This red pigment-producing bacterium is 
pathogenic to white-fringed beetle larvae 
on needle inoculation but has not been 
found to be a control factor of importance, 
either in the laboratory or in the field. In 
the gut cells of the nematodes the color 
appears to be confined to spherical glob- 
ules or granules; the bacteria themselves 
appear to remain in the lumen of the gut 
and not invade the gut cells. In one ex- 
periment a large number of Diplogaster, 
red with Serratia, were placed in soil with 
white-fringed beetle larvae. In two 
months 70 per cent of control had re- 
sulted, but the experiment was never suc- 
cessfully repeated, and field observations 
of many thousands of larvae from all parts 
of the white-fringed beetle infestations 
have not indicated that there is a natural 
association between the nematode and 
this bacterium. There is evidence that 
Diplogaster is associated with some other 
bacteria of undetermined species. 
Diplogaster aerivora and all other forms 
resembling aerivora studied in the labora- 
tory grew well on a medium consisting of 
plain beef extract and agar and on one or 
both of the media used for the culture of 
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Neoaplectana—that is, veal infusion-agar- 
yeast-ovarian substance, and veal pulp 
with Tegosept M and formalin. The 
nematodes also may be grown in water 
cultures to which fragments of insects or 
other food material are added. Continu- 
ous cultures on artificial media did not 
result in a loss of vitality. Nemas that had 
been in continuous culture on beef-extract 
agar for almost 4 years were apparently as 
healthy as ever. It is possible to store the 
ensheathed larvae in water for consider- 
able periods. 

Diplogaster is a serious pest in the arti- 
ficial culture of Neoaplectana and in para- 
sitization experiments with both Neo- 
aplectana and other nematodes. It is pos- 
sible for Diplogaster, because of its shorter 
life cycle and greater reproductive poten- 
tial, to displace Neoaplectana in artificial 
cultures, and precautions must be taken 
to exclude it. Diplogaster is frequently 
found inside an insect cadaver along with 
one of the more important nematod para- 
sites of the white-fringed beetle, and here 
again it may inhibit or completely stop 
development of the parasites. 

The distribution of Diplogaster in areas 
infested with white-fringed beetles is such 
that its full benefit either as a parasite or 
as a possible vector of disease is probably 
being realized. From the standpoint of 
control, therefore, no useful purpose 
would be served in attempting to augment 
artificially the Diplogaster populations. 
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FrEDERAL QUARANTINES AND ADMINISTRATIVE INSTRUCTIONS 


The pink bollworm quarantine regulations were 
revised effective May 23, 1945, to add to the lightly 
infested regulated area in Texas 12 entire counties 
and parts of two others not formerly under regula- 
tion. 

The registration fee for nurserymen doing business 


in West Virginia has been abolished, both as to local 
and out-of-State concerns, and other important 
changes in the method of registering for the sale of 
nursery stock have been brought about, effective 
July 1, 1945, by House Bill No. 215 of the 1945 
legislature. 





SCIENTIFIC NOTES 


Field Tests of the Thunder God Vine 
Against Melon Leaf Beetle’ 


Tien-Hs1 Cuena, College of Agriculture, 
Lingnan University, China 


This experiment had been carried on for two 
years in 1943 and 1944, near the battle front at 
Pingshek, Northern Kwangtung, China, when, at 
the conclusion of the second year, a mysterious fire 
destroyed all records of the experiment together 
with the author's property. The following is a sum- 
mary of the work. 

Tue Insect.—The Yellow Melon Leaf Beetle, 
Rhaphidopalpa chinensis Wei, is a chrysomelid, 
measuring 8 to 9 mm. in length. The body, oblong in 
shape, is orange yellow in color with the exception 
of the metathorax and the greater part of the abdo- 
men, which are bluish-black. Compound eyes are 
black. There is but one generation per year. Begin- 
ning in October, the adults overwinter among 
grasses to appear again in late March of the follow- 
ing year. 

This is a pest to melons, being particularly de- 
structive to watermelons in south and eastern parts 
of China. The adults feed on either surface of the 
leaf, the wounds appearing like semi-circular or cir- 
cular ditches. The areas surrounded by the wound 
then drop off, leaving round holes or semi-circular 
cuts on the leaf. Oftentimes young seedlings are so 
damaged that only stubs are left of them. This ac- 
counts for the failure of practically all watermelon 
plantations in and around Northern Kwangtung. 

Marertat.—The bark of roots of the Thunder 
God Vine, Tripterygium Forrestii Loes, was ground 
into powder, the size of which was approximately 
120 mesh, the smallest attainable with the crude 
native equipment. This was applied as a dust. The 
vine grows wild in neighboring districts and can be 
readily obtained at a low price. 

Procepure.—In the first year one hundred water- 
melon plants were grown in two different plots, and, 
in the second year, six hundred were grown in six 
plots located in different directions and at different 
levels. Ten plants were planted in a row and there 
were 10 rows to a plot. Two rows in each plot 
chosen at random were used as checks. All plants, 
except the checks, were dusted with the powder by 
means of a hand duster, as soon as their cotyledons 
appeared. The application was made once in 10 days, 
in early mornings when leaves were wet with dew, 
and was repeated after every rain which, as a rule, 
washed away the dusts. These operations were car- 
ried on for seven weeks, after which the plants were 
less subject to attack and the injuries, if any, were 
only negligible. Records of insect injury and the 
growing conditions of the plants were taken once 
every two days. The same procedure was followed in 
all plots at the same time. All plants were treated 
alike with respect to fertilization, pruning and other 
cultural practices. 


sted by Dr. Cheng, who submitted this note 
through Dr. Roark and Dr. F. L. Campbell, that it might be 
edited or even rewritten and the paper was forwarded to the 
editor with that suggestion. The editor feels, however, that the 
readers of the Journal will have a friendly smile for some of 
Dr. Cheng’s English but that they will ask themselves how many 
years it would take them to acquire an equal command of any 
one of the Chinese languages. For this reason editorial changes 
have been reduced to a minimum. 
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SUMMARY OF RESULTS: 

1. Of the 560 plants dusted, not a single plant 
showed even the slightest phytocidal effect. 
They were, all of them, normal and healthy. 

. The dust had a strong repellent effect. Only a 
small minority of the dusted seedlings were 
attacked, the injury being very slight; only 2 
to 3 per cent of the dusted plants were seriously 
damaged. A great majority of such plants re- 
mained untouched by the insect. 

. Practically all of the undusted checks were 
seriously injured and many of them were com- 
pletely destroyed. 

. As a stomach poison the action of the dust on 
the beetle was quick. In more than 20 occasions 
the author found groups of beetles lying dead 
on the surface of dusted leaves which were 
eaten, or on the ground underneath. Also many 
times the beetles were found inactivated in the 
process of eating the dusted leaves. Some indi- 
viduals recovered. 

5. The contact effect of the dust on the beetle re- 
mains to be studied. It was found, however, 
that less than 3 per cent of the dusted plants 
were infested by aphids while more than 70 
per cent of the undusted checks showed serious 
aphid injury. 

i. The dusted plants yielded a good crop, the 
melons being large, juicy and healthy. Most of 
the checks did not fruit at all; some of them pro- 
duced small and stunted melons of no market- 
ing value. 

Discussion.—Before the experiment was started 
by the author in 1943, farmers in and around the 
district of Pingshek, Northern Kwangtung, had 
given up planting watermelon for years on account 
of failures invariably caused by the destructive 
beetle. The success of the preliminary experiment 
resulted in the establishment, in 1944, of three more 
watermelon plantations besides the author's. These 
plantations, in combating against the beetle, adopted 
the measures recommended by the author, that is, 
dusting the seedlings with Thunder God Vine. They 
all turned out successful and all netted an extraor- 
dinary good profit. Encouraged by these results, it is 
expected that many more plantations will be started 
in 1945. 

The most serious problem confronting those using 
the dust was the fact that rains invariably washed 
the dust off the leaves. Hence an application had to 
be made instantly after each rain, heavy or other- 
wise. When the application was delayed for a short 
while, even for only 10 or 15 minutes, the beetles im- 
mediately came and played havoc. The problem be- 
came even more acute when one rain was followed 
by another. No sooner had an application been com- 
pleted than the dust was again washed off. 

In order to solve the above problem the search 
for a suitable sticker to be incorporated into the 
dust has been started; at the same time, sprays 
prepared by mixing together the Thunder God Vine 
powder, stickers made from extracts of native plants, 
and water, are being tested. However, as viewed 
from the present rural economic conditions in China, 
dusts are preferable to sprays as the former can be 
applied with a cloth bag. Few Chinese farmers can 
afford to buy a sprayer or a hand-duster. 

The effectiveness of the dust may be further en- 
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hanced if the particle size can be made smaller. 
Under the present limitations, however, 120 mesh is 
the smallest size that can be obtained for field ap- 
plication. 

So far, indications showed that the powder was 

safe to domestic animals and human beings. Dusted 
watermelon leaves were fed to pigs and rabbits with- 
out apparent injury. There is yet no report of 
residue poisoning of human beings consuming dusted 
cabbages. 
Preliminary experiments on the use of the powder, 
diluted to different strengths, against cabbage flea 
beetle, Phyllotreta vittata Fabr., and cabbage leaf 
beetle, Colaphellus bowringi Baly, have given en- 
couraging results. 

Besides being effective against the beetle, Thun- 
der God Vine is cheap and readily obtainable, of no 
phytocidal effect on even the youngest seedlings, 
and indicatively safe to human beings and domestic 
animals. It is a highly promising insecticide, es- 
pecially in China, where other insecticides are either 
unavailable or too expensive to be practical. It opens 
a large field for research work towards making it an 
ideal insecticide. 





The Toxicity of DDT to Certain Forms 
of Aquatic Life 


P. M. Exe, C. C. Deonter, and R. W. Burre.t,' 
U.S.D.A., Agr. Res. Adm., Bureau of Entomology 
and Plant Quarantine* 


Since DDT is an excellent mosquito larvicide and 
will no doubt be widely used for this purpose, its 
effect on other aquatic life is very important. Pre- 
liminary tests on fish were made in the laboratory 
before any field tests were conducted. Observations 
were also made on aquatic life in experimental field 
plots. However, exhaustive studies on the total ef- 
fect on the biological environment were not at- 
tempted. The laboratory tests were made in Febru- 
ary 1943, soon after the discovery of the effective- 
ness of DDT against mosquitoes. These data were 
preliminary and served as a basis for subsequent 
field work on mosquitoes pending more detailed 
studies by the Fish and Wildlife Service and various 
State agencies to determine more fully the relation 
of various formulations of DDT to wildlife in gen- 
eral. 

Lasoratory Tests.—Battery jars containing 1 
liter of water were used in these tests. DDT was 
used in two forms, as a dust containing 5 per cent of 
DDT and in acetone solutions as a water suspension. 
The dusts were applied to the surface of the water 
by sifting through a fine-mesh screen. The suspen- 
sions dispersed the DDT throughout the water. One 
goldfish, Carassius auratus (L.), was placed in each 
jar. In the tests with dust on the surface the fish 
were introduced into the water before the dust was 
applied; in the tests using suspensions of DDT, the 
fish were added after the suspensions were mixed to 
avoid placing them, even momentarily, in contact 
with a stronger concentration than desired. Fre- 
quent observations were made on the behavior of 
the fish. After 24 hours they were removed to fresh 
water, and observed for an additional 24 hours. 


1 Acknowledgment is made of the suggestions by E. F, 
Knipling, in charge, and Howard A. Jones, chemist, of the 
Orlando, Fla., laboratory. 

2 The work described in this moe was done under a transfer of 
funds, recommended by the Committee ‘on Medical Research, 
from the Office of Scientific Research and Development to the 
Bureau of Entomology and Plant Quarantine. 


JOURNAL oF Economic ENTOMOLOGY 


Vol. 38, No. 4 


DDT produced characteristic symptoms in the 
goldfish. The nervous system was apparently af. 
fected, causing a loss of equilibrium. At first the af- 
fected fish would swim slightly off balance and settle 
slowly tail first when not swimming. In individuals 
severely affected this lack of equilibrium became 
more pronounced, and they would sometimes swim 
upside down. 

The surface application of 5 per cent dust at the 
ar of 0.5 pound of DDT per acre was without ef- 
ect. 

When applied as suspensions at concentrations of 
0.2 to 2 p.p.m. of DDT, symptoms appeared in | to 
6 hours, and death in 20 to 40 hours. Three of the 
10 fishes showing symptoms recovered after being 
placed in fresh water. There evidently is considerable 
difference in the resistance of individual fishes to 
DDT. Concentrations less than 0.2 p.p.m. did not 
seem to have any deleterious effects. Acetone in con- 
centfations up to 2000 p.p.m. apparently did not 
harm them. 

Several tests were made with a species of small 
aquatic snail, Physa sp., common at Rock Springs, 
Fla., using suspensions of DDT from acetone solu- 
tion at concentrations of 1.0, 0.1, and 0.01 p.p.m, 
Ten snails were used in each test. Observations were 
made after 24 and 48 hours. At 1.0 p.p.m. all the 
snails were killed in 24 hours. The lower concentra- 
tions showed no mortality in 48 hours. 

Fievp Tests.—A malta well filled with small 
fish, including Gambusia affinis (Baird & Girard), 
was dusted with 20 per cent of DDT in tale at the 
rate of 1 pound of DDT per acre. No effect on fish or 
frogs was noted. A week later the same pond re- 
ceived a second dusting at the rate of 5 pounds of 
DDT per acre, which is greatly in excess of the 
amount that should ever be used in mosquito control. ' 
As a mosquito larvicide DDT is recommended at a 
dosage of only 0.1 pound per acre. Again there is no 
evidence of any fish having been killed. It is there- 
fore concluded that DDT applied as a dust is prob- 
ably nontoxic to fish, although it is not known what 
would result if such heavy dosages were subjected to 
heavy rains shortly after application. 

Another small pond was treated at the rate of 2.0 
p.p.m. with a suspension containing 10 per cent each 
of DDT and Nopco 1216 (sulfonated sperm oil) in 
Cellosolve (ethyl ether of ethylene glycol). This pond 
was full of water lilies and at the shallow end there 
was heavy, matted vegetation. After a few hours 
some big fishes, principally large-mouthed black 
bass, Huro salmoides (Le Sueur), were found dead. 
Top minnows seemed more resistant than bass and 
perch. After 1 day a small water snake was found 
seriously affected, but minnows at the shallow end 
in the thick vegetation were still alive and normal. 
At the end of a week apparently all the fish in the 
pond were dead. Some dead salamanders were also 
found. At the end of the second week, however, 
some small tadpoles were found alive and apparently 
normal. 

Samples of water from this pond were brought to 
the laboratory from time to time and tested for 
toxicity to mosquito larvae. This water was found 
to remain toxic to anopheline larvae for 13 weeks, 
but after 11 weeks live Culex larvae were found. No 
doubt the water would have become nontoxic to 
fish after a much shorter time. 

A third pond treated with the same material at 
0.2 p.p.m. killed all the fish in 4 days and remained 
toxic to anopheline larvae for 1 week. Other tests 
at 0.1 p.p.m. killed about half of the fish present. 
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This may have been due to the poor dispersion of 
DD, for in quiet waters suspensions diffuse slowly. 

In numerous field tests with surface applications 
of DDT in dusts and oils at dosages of 1 and 2 
pounds of DDT per acre, no harmful effects on fish 
were noted. 

Surface-swimming insects such as the whirligig 
beetles (Gyrinidae) were affected, especially by the 
oil applications. Dytiscidae, Corixidae, Notonec- 
tidae, ane immature stages of Odonata, Ephemer- 
ida, and Diptera, especially Chironomidae, and in at 
least two instances Tabanidae, were affected by sus- 
pensions of DDT. In water 4 inches deep 2 quarts 
per acre of 5 per cent DDT in xylene emulsion ap- 
plied from an airplane caused blood worms (Chiro- 
nomidae) toleave their tunnels, and they died in 3 or 
4 hours. Spiders, crayfish, and frogs were affected by 
heavy dosages. Various species of zooplankton which 
were observed seemed to be more resistant. 

In no instance have any deleterious effects of 
larvicidal applications been observed on any warm- 
blooded wila life. It is obvious, however, from these 
preliminary experin.ents that care must be exercised 
in the use of DDT against mosquitoes, forest insects, 
and agricultural pests so as to minimize the hazard 
to other forms of aquatic life, beneficial insects, and 
possibly indirectly to birds and mammals, especially 
since the effect of repeated applications of DDT has 
not been adequately studied. 

SummMary.—DDT in concentrations greater than 
0.1 p.p.m. was found to be toxie to goldfish in 
laboratory tests. In field tests surface applications of 
DDT as a dust and in oils were not harmful to fish in 
dosages used for mosquito control. Other cold- 
blooded aquatic life, such as frogs, snakes, crayfish, 
spiders, and insects, were affected by suspensions of 
DUT. No harmful effects on warm-blooded animals 
have been noted in applying DDT as larvicidal 
treatment.—4-18-45. 


DDT as a Termite Repellent 
Grorce N. Wotcort, Agricultural Experiment 


Station, University of Puerto Rico, 
Rio Piedras 


From a small amount of DDT obtained early in 
1944 from the Bureau of Entomology and Plant 
Quarantine, a 2 per cent solution in benzol was pre- 
pared. In this was submerged for 10 minutes a 
standard sample (1 by 0.25 by 1.25 inches) of West 
Indian birch or “almacigo,” Bursera simaruba (L.) 
Sarg., the dry, untreated wood of which is very sus- 
ceptible to the attack of the West Indian dry-wood 
termite, Cryptotermes brevis (Walker). The 2 per cent 
solution was diluted to 1 per cent, and in this an- 
other sample of almacigo was submerged, and addi- 
tional samples were submerged in 0.5 per cent and 
0.2 per cent solutions. On the following day, the 0.2 
per cent treated sample was placed in a petri dish 
with alternating untreated (check) mahogany sam- 
ples of the same size, and almacigo samples impreg- 
nated with other chemicals being tested for their 
value in rendering wood repellent to termite attack. 
Several hundred nymphs of Cryptotermes brevis, re- 
cently removed from previously undisturbed colonies 
in infested wood, were introduced into the petri dish, 
which was kept in a dark chamber except for short 
periods when being examined. An hour later, as a 
few dead termites were noted on the 0.2 per cent 
Di T-impregnated wood sample, it was removed 
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from the test. Additional almacigo wood samples 
were impregnated with DDT at dilutions of 0.1, 
0.05 and 0.02 per cent of DDT in benzol, but as 
the investigation was not concerned with the toxic 
characteristics of DDT, no live termites were risked 
with even these samples until two weeks later. 

Twenty days after impregnation, the 0.02 per cent 
DDT sample had numerous shallow gouges and a 
very definite but not large one eaten out of the face, 
and one quite deep in the side. The mortality of the 
termites in this and all subsequent tests with DDT 
was negligible, or at least no more than in com- 
parable tests with other non-toxic chemicals on ter- 
mite-susceptible wood, and with untreated termite- 
resistant woods. The petri dish environment (to 
permit ready observation and changing of wood 
samples) is necessarily and admittedly quite abnor- 
mal, while the food supplied is of course the least 
palatable that it is presumed the termites will ac- 
cept. 

The eaten 0.02 per cent DDT samples was re- 
moved from the test, and replaced with the 0.05 per 
cent DDT-impregnated sample. The subsequent re- 
sults are given in the accompanying table. 


Table 1.—Attack by the West Indian dry-wood 
termite, Cryptotermes brevis on wdéod submerged 
10 minutes in a solution of DDT in benzol. 








DAYs AFTER 
SUBMERGENCE 


DILuTION 
or DDT 


0.02% 





20 days 
0.05% 25 days 
0.1% 27 days 
0.2% 29 days 
0.5% 35 days 
1% 37 days 
2% uneaten over a year later 





The sudden and most unexpected increase in re- 
sistance to termite attack of DDT between 1 and 2 
per cent impregnation may be presumed to indicate 
that at somewhat greater strengths DDT should con- 
fer immunity from termite attack that will extend 
for at least the service life of the treated wood, and 
may indeed be permanent.—4-9-45. 





Observations on Housefly 
Overwintering 


Joun G. Marruysse, Cornell University, 
Ithaca, N.Y. 


It is an odd fact that the method of overwintering 
of one of our most abundant and most injurious in- 
sects, the common housefly, Musca domestica L., is 
still a matter of controversy. Hibernation of an 
or all stages, migration, slow migration by on 
generation breeding farther northward, and continu- 
ous breeding throughout the winter have all been 
advanced as explanations. A number of observations 
in New York State have led the author to believe 
that the most important method of overwintering is 
by continuous breeding indoors throughout the 
winter. 

Two consecutive winters breeding of houseflies 
has been observed in dairy barns and in veterinary 
buildings where stock were quartered at above freez- 
ing temperatures. As an example, one dairy barn 
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in Clinton County, the most northerly county of 
New York, has been observed in which houseflies 
bred in huge numbers throughout both winters. 
This was a normal type dairy barn in which some 60 
head of cattle were stabled. The temperature out- 
doors often fell far below 0°F. in this area but never 
fell below freezing inside the barn. The barn men 
usually worked inside the barn in their shirtsleeves. 
There were several box stalls in one end of the barn 
that were cleaned but once every two weeks. House- 
flies bred in huge numbers in the manure and bed- 
ding in these pens all winter. Adult flies were present 
by the thousands all winter, and were always quite 
active. The adults were noted to be almost entirely 
houseflies, about 5 per cent of the population were 
stable flies, Sotomorys calcitrans Linn. Teneral adults 
were often noticed crawling up the posts and stan- 
chions. In the spring when the windows were opened 
the adults would leave the barn. The fly problem 
was not serious in this barn in spring or early sum- 
mer, but became worse in late summer and fall, and 
worst during the winter. 

Housefly adults have been noticed on the wing 
around the barns and stables in Clinton County in 
late March and April. In fact the numbers observed 
here in early spring on warm days was equal to or 
greater than the numbers observed 200 miles far- 
ther south at the same time of year. Considering this 
observation, and the prevailing temperatures (often 
well below freezing) in New York State in March it 
is not conceivable that flies could have migrated 
that distance. 

Flies have also been observed to breed in large 
numbers all winter in animal pens in the Veterinary 
College at Cornell University. In several instances 
the flies produced have necessitated control meas- 
ures even in January. Considering the high breeding 
potential of the housefly it is evident that winter 
breeding in warm barns, veterinary establishments, 
packing and slaughter houses, and many other agri- 
cultural and industrial establishments could easily 
explain the rapid build up of housefly populations 
normally observed in May and June in New York 
State. 

It does not seem that hibernation of any stages 
could by itself explain the overwintering of such an 
abundant insect as the housefly or those stages could 
be found in the winter, or be noticed entering or 
emerging from hibernation as is true, for example, in 
the case of the cluster-fly, Pollenia rudis (Fabr.).— 
5-5-45. 





Toxicity of DDT to Subsurface-Feeding 
Species of Mosquitoes 


Josern M. Ginspurc, New Jersey Agricultural 
Experiment Station, New Brunswick 


Laboratory and field experiments were conducted 
with DDT (2,2 bis (P-chloropheny])-1,1,1-trichloro- 
ethane, during 1943 and 1944 on larvae, pupae and 
emerging adults of several subsurface-feeding spe- 
cies of mosquitoes. 

Lazsoratory Tests.—Various concentrations of 
DDT in form of (1) colloidal dispersions, (2) oil 
emulsions and (3) dusts were tested on larvae and 
pupae of Culex pipiens and Aédes sollicitans. Fresh 
larvae and pupae were secured from near by un- 
treated breeding areas on the same day when the 
tests were started. About 100 larvae and from 20 to 
50 pupae were used in each test, running several rep- 
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licated tests for each concentration. Healthy 
larvae and pupae were selected and transferred to 
large porcelain dishes containing 500 to 1000 cc. of 
water. The desired quantities of DDT were then 
added. The water used consisted of approximately 80 
per cent tap water and 20 per cent of either pond 
water or salt water, depending on the species tested, 
Observations on per cent mortality were made 24 
hours after treatment. 

For colloidal dispersions a stock solution of 2 per 
cent DDT in ethyl alcohol was employed to prepare 
the desired dilutions. The oil emulsions contained 
about 65.5 per cent kerosene in which various per- 
centages of DDT were dissolved; 34 per cent water 
and 0.5 per cent sodium lauryl sulfate emulsifier, 
Before testing, the concentrated stock emulsions 
were diluted 1-10 with water and applied at the rate 
of 50 gallons per acre. The dusts consisted of tale 
and varying concentrations of DDT incorporated 
either dry or as solutions in different solvents. The 
solvents tested for this purpose were xylene, fuel oil 
No. 2 and a light pine oil distillate known commer- 
cially as Solvanol No. 1. The dusts were applied in 
dosages of 0.25 to 4 pounds actual DDT per acre. 

The results brought out the following information. 
In colloidal solutions, DDT killed 100 per cent 
larvae of Culex pipiens and Aédes sollicitans in dilu- 
tions up to 1 to 8,000,000. In higher dilutions the 
percentage kill graded downward but was still 
above 60 per cent at dilutions of 1 to 100,000,000. 
On pupae, however, the effect was not so spectacu- 
lar. Dilutions higher than 1 to 3000 gave less than 
100 per cent kill. At dilutions of 1 to 80,000 and 1 to 
400,000 the dead pupae were only 31 and 8 per cent 
respectively. Furthermore, many adults emerged and 
flew away. 

In kerosene emulsion DDT gave 100 per cent kill 
of larvae in dosages equivalent to 0.084 pounds of 
DDT per acre, whereas applications of about 0.42 
pounds DDT per acre were required to kill 100 per 
cent pupae. 

In dust form, a minimum of 2 pounds of dry DDT 
per acre were required to kill 100 per cent larvae. 
However, when the dusts contained DDT dissolved 
in solvents all larvae were killed in concentrations of 
0.25 pound DDT per acre, the lowest concentration 
tested. Apparently the solvents, being insoluble in 
water, are released on the surface, producing a toxic 
DDT film. 

The effect of DDT dusts on pupae was rather dis- 
couraging. Very low percentages kill were obtained 
even where 2 and 4 pounds DDT were applied per 
acre, regardless of whether or not solvents were pres- 
ent in the dust. Many adults emerged and flew 
away. 

Fietp Expertments.—Tests were conducted on 
salt and fresh water mosquito breeding places vary- 
ing in size from small test holes of about 40 square 
feet to pools and ponds of various sizes, the largest 
being about two acres in area. A total of 32 fields test 
were carried out. The materials tested in the field 
were in most cases essentially the same as those 
tested in the laboratory. The differences observed, 
therefore, may be ascribed to variations in climatic 
and field conditions not prevailing in the laboratory. 
Observations were made about 24 hours after treat- 
ments. The following subsurface-feeding species were 
encountered in the test areas: Aédes sollicitans, Culex 
pipiens, C. restuans, Aédes verans and Culer sali- 
narius. The control of subsurface-feeding species with 
dusts applied at the rate of 0.5 to 2 pounds DDT 
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per acre was poor, ranging from approxituately 20 
to 85 per cent. In most instances the pupae remained 
uneflected and developed into adults, many of which 
flew away. Only in one case, namely where the dust 
contained DDT dissolved in fuel oil No. 2, applied 
at the rate of 2 pounds DDT per acre was 100 per 
cent kill of A. sollicitans larvae obtained. 

Only one emulsion designated as mosquito larvi- 
cide 50-D was used in the field tests. It consisted of 
approximately 64 per cent kerosene, 2 per cent DDT 
(dissolved in the oil), 34 per cent water and 0.5 per 
cent sodium lauryl sulfate as emulsifier. Before 
spraying, the larvicide was diluted with 10 parts of 
water and applied by knapsack sprayer at the rate 
of 60 to 100 gallons per acre. This would be equiva- 
lent to dosages of about 1 to 1.6 pounds of actual 
DDT per acre. Of fourteen tests, eight gave 100 per 
cent control of larvae and pupae and compared well 
with the checks of 50 gallons fuel oil No. 2 per acre. 
Of five tests where the lasting effect from one ap- 
plication of larvicide against recurrence of larvae 
were studied, three did not last longer than the fuel 
oil of approximately 10 days. In two cases, it lasted 
longer than fuel oil or from three to four weeks. 

Of other forms of aquatic animal life encountered 
during the field tests DDT killed several species of 
fish, water snakes, turtles, toads and many species 
of aquatic insects. No injury resulted to aquatic 
plants or to land vegetation growing near the treated 
water areas when sprayed or dusted with the DDT 
larvicides. 

In general, it appears that DDT may offer a new 
and highly potent weapon to supplement our pres- 
ent chemicals used in the control of mosquitoes. But 
before it can be recommended for practical use, more 
extensive field investigations under various mosquito 
breeding conditions are necessary in order definitely 
to establish the most suitable formulas, lethal dos- 
ages, and methods of application under which DDT 
is entirely safe to man, domestic animals, and fish.— 
4-13-45. 





A Barrier for Confining Crawling 
Organisms 


Sranuey E, Fuanpers, University of California 
Citrus Experiment Station, Riverside 


Recent developments in the mass production of 
Macrocentrus ancylivorus (Bartlett & Martin, 1945; 
Finney, 1945) have made necessary the use of open 
trays for receiving the full-fed larvae of the host, 
the potato tuber worm. Each tray had to be 
equipped with a barrier to prevent the escape of the 
web-spinning larvae. A type of barrier was needed 
which did not require constant attention in order to 
be completely effective over long periods. 

The electric barrier of the type described by 
Swingle and Phillips (1942) was tried and found 
wanting for the reason, as pointed out by Swingle 
and Phillips, that frequent cleaning was necessary. 

A sticky barrier (deadline) was used with a shal- 
low sheet-iron box which had the sides rolled inward 
so that the edge hung down to at least an inch above 
the box floor. The deadline was placed at the top of 
the convex surface of the rolled sides. The tendency of 
the larvae upon crawling to the overhanging edge 
was to drop to the floor of the box. Many larvae, 
however, reached the deadline and were trapped in 
it. This type of barrier was in use for several months. 
It required less attention than the electric barrier 
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and the few larvae that escaped through the dead- 
line were unable to continue their development. 

Efficient mass production, however, required the 
elimination of the mortality resulting from the use 
of deadline and the saving of labor involved in the 
periodic removal and replacement of the deadline. 
Consequently a new barrier was developed which 
utilized heat as the repelling agency. The heat bar- 
rier is simply a single strand of high resistance wire 
connected to the electric light circuit and laid on 
the floor or sides of a wooden tray to which it is 
fastened by tacks. The wire is laid in the angle 
formed by the floor and sides of the tray so that the 
larvae are prevented from constructing cocoons and 
from flopping over the wire when making contact 
with it. In order to maintain operation costs at a 
minimum the temperature of the wire should be only 
high enough to repel the larvae. This temperature is 
below that causing charring of the wood. The wires 
should be slightly coiled to allow expansion when 
heated. 

The heat carrier may be useful in confining many 
types of crawling organisms. In forming ant arenas 
this barrier should be on vertical surfaces.—4-10-45. 
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DDT for Control of the Cotton 
Flea Hopper 


K. P. Ewrne and C. R. Parencta, Jr., U.D.S.A., 
Agr. Res. Adm., Bureau of Entomology and 
Plant Quarantine! ? 


During 1944 DDT dust was tested in several con- 
centrations and combinations in comparison with 
the standard 1:2 mixture of calcium arsenate and 
sulfur for control of the cotton flea hopper, Psallus 
seriatus (Reut.), in field-plot experiments at Port 
Lavaca and Waco, Tex. 

The plots in each experiment were 16 rows wide, 
0.20 acre in size, and arranged in randomized blocks, 
with 4 replications of each treatment. The dusts 
were applied with rotary hand guns, and the pro- 
cedure and the method of recording data were the 
same as had been previously reported (Ewing & 
Parencia 1943). The rates of application of the vari- 
ous treatments were approximately equal in the same 
experiment. Boll weevils, bollworms, cotton aphids, 
or other injurious insects did not become sufficiently 
numerous to affect materially the yield in either ex- 
periment. The experimental data are shown in table 
1. 


1In cooperation with the Texas Agricultural Experiment 
Station. 

2 The experiment at Port Lavaca was conducted under the 
direct supervision of A, B, Beavers. 
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Table 1.—Results of dust experiments in Texas with DDT against the cotton flea hopper. 








TREATMENT 


Rate Fiea Yrevpor Seep Corron Per Acre 
OF Hoppers ———— 





APPLICA- PER 100 Gain, 


TION ‘TERMINALS Total Dusted 
PER (SEASONAL First for Over 
Acre Average) Picking Season Check 





Pounds Number 


Pounds Pounds 


Pounds 


Experiment at Port Lavaca 


Untreated check 

Calcium arsenate-sulfur (1:2) 
DDT 0.5% in pyrophyllite 
DDT 1% in pyrophyllite 
DDT 2% in pyrophyllite 


Difference required for significance, 5 per cent level 


—_ 157.2 325 708 — 
12.6 32.7 685 970 262 
13.7 95.4 422 880 172 
13.8 52.8 612 983 275 
13.4 32.5 792 1128 420 


21.0 120 75 - 


Experiment at Waco 


Untreated check 

Calcium arsenate-sulfur (1:2) 

DDT 2% in pyrophyllite 

DDT 4% in pyrophyllite 

DDT 2%, pyrophyllite 18%, and sulfur 80% 

DDT 2%, pyrophyllite 18%, and calcium arsenate- 
sulfur (1:2) 80% 


Difference required for significance, 5 per cent level 


— 61.1 495 1108 
11.8 22.8 932 1325 
11.8 24.8 970 1462 
12.5 20.2 1112 1403 
12.3 22.9 1092 1368 


11.5 23.6 1000 1380 
_ 5.1 146 129 





Experm™ent at Port Lavaca.—In the experi- 
ment at Port Lavaca each treatment was applied five 
times between June 9 and July 4. The fiea hopper 
infestation was extremely high at this time. The 
seasonal average of 5 infestation records made in 
the check between June 12 and July 19 was 157 
flea hoppers per 100 terminals; the maximum was 
258 on June 20. Statistically, each insecticide re- 
duced the infestation significantly below that in the 
check, but the infestation in the 0.5 per cent DDT 
was significantly higher than in any of the other 
treatments. The infestation in the 1 per cent DDT 
plots was considerably higher, but not quite sig- 
nificantly higher, than in the 1:2 calcium arsenate- 
sulfur or the 2 per cent DDT plot. 

Each insecticide gave significant increases in 
yields, but the gain from the 2 per cent DDT was 
significantly higher than from any other insecticide. 
The 1 per cent DDT was significantly better than 
the 0.5 per cent DDT and about equal to the cal- 
cium arsenate-sulfur. 

EXPERIMENT aT Waco.—lIn this experiment the 
plots were dusted four times between June 21 and 
July 14. The flea hopper infestation was medium to 
heavy. The population in all plots on June 20, the 
day preceding the first dust application, averaged 
73.2 flea hoppers per 100 terminals. The six infesta- 
tion records made between June 24 and July 27 
averaged 61 in the check, the maximum being 87 on 
July 14. Statistically, the infestation records show 
that each insecticide gave significant control of the 
flea hopper, but there was no significant difference 
between treatments. The lowest average infestation, 
however, was in the plot treated with the 4 per cent 
DDT. 

The experiment at Waco was located in the rich 
bottom land of the Brazos River, which was capable 
of producing over a bale of cotton per acre. The flea 
hopper did considerable damage to the early portion 
of the crop, but there was no appreciable injury by 


boll weevils, bollworms, or other insects after the 
flea hopper left the cotton, and a fair crop was 
produced late in the season. In this instance it ap- 
pears that the early production, or first picking, 
represents a better index of the value of the insecti- 
cides for the control of the flea hopper than does the 
final yield. 

Yield records from the first picking show that the 
4 per cent DDT-pyrophyllite and the 2 per cent 
DDT-sulfur mixture were each significantly better 
than the 1:2 calcium arsenate-sulfur or the check, 
but not significantly better than 2 per cent DDT 
or 2 per cent DDT-calcium arsenate-sulfur. 

The final yields show that each treatment was bet- 
ter than the check, and the 2 per cent DDT was 
significantly better than the calcium arsenate-sulfur 
but not significantly better than any of the other 
treatments containing DDT. 

The infestation records do not show whether the 
higher yields from the plots treated with 2 per cent 
of DDT in pyrophyllite were due to the greater 
residual effect of this treatment or to some other fac- 
tor. 

Summary.—lIn field-plot experiments in the con- 
trol of extremely or moderately heavy infestations 
of the cotton flea hopper, Psallus seriatus (Reut.) on 
cotton, dusts containing at least 2 per cent of DDT 
in pyrophyllite or in a mixture of pyrophyllite and 
sulfur were somewhat more effective than the stand- 
ard treatment of 1:2 mixture of calcium arsenate and 
sulfur.—3-20-45. 


LiTerRATURE,CITED 
Ewing, K. P., and C. R. Parencia, Jr. 1943. Dos- 


ages of insecticides to control the boll wee- 
vil and the bollworm. Jour. Econ. Ent. 
36(4): 607-10. 
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Atomized Concentrated Sprays 
Containing DDT to Control 
Pea Aphid and Clover 
Leaf Weevil 


s. F. Porrs, T. E. Bronson, Ranpauu Larra, and 
F. W. Poos, U.S.D.A., Agr. Res. Adm., Bureau 
of Entomology and Plant Quarantine 


The tests reported here were field tests with 
atomized concentrated spray mixtures conducted at 
Beltsville, Md., during 1944. 

Pe, Apaip.—A 40- by 50-foot plot in a good stand 
of alfalfa 3 to 6 inches in height, infested with the 
pea aphid, Macrosiphum pisi (Kitb.), was treated 
on April 23 with an atomized spray consisting of 20 
per cent of DDT, 20 per cent of cyclohexanone, 30 
per cent of lubricating oil (S.A.E. 10), and 30 per 
cent of No. 2 fuel oil, from a 1-quart hand atomizer. 
The rate of application was 1.3 gallons (2.4 lbs. of 
DDT) per acre. Rain followed this treatment in a 
few minutes and continued during the remainder of 
the afternoon. At various intervals after application, 
counts were made by sweeping with a 15-inch insect 
net. The average number of aphids per sweep in the 
treated area was 0.14 on April 26, 0 on May 4, and 
1.6 on May 9, and in the untreated area 99, 230, 
and 200 on the respective dates. Surveys had shown 
uniform infestations in alfalfa. How much of the 
aphid mortality was due to the oils and how much 
to the DDT used in the formula is not known, since 
no trial was made of the oil mixture without DDT. 
The continued low population in the treated area 
indicates a residual effect from the treatment. 

Pea ApHip AnD CLover Lear Weevit.—A test 
was conducted late in April in a field of alfalfa bear- 
ing moderately heavy infestations of the pea aphid 
and the clover leaf weevil, Hypera punctata (F.), with 
a concentrated spray containing 20 per cent of DDT, 
20 per cent of cyclohexanone, 45 per cent of kero- 
sene, and 15 per cent of motor oil (S.A.E. 10). The 
equipment used to apply this material consisted of a 
j-horsepower gasoline engine, a single-cylinder com- 
pressor, a 2-gallon aluminum tank with pressure- 
regulating valve, and three atomizer-type nozzles in 
parallel and supplied by a single feed line. The solu- 
tion was atomized at the rate of 6.75 quarts per hour, 
and 2.5 quarts were applied in about 20 minutes, all 
from a single location at one side of the field, from 
which the fine mist drifted across the field with the 
aid of a 5- to 10-mile-per-hour wind. Observations 2 
days after this treatment showed an apparent reduc- 
tion of 90 to 100 per cent in populations of the pea 
aphid and of the clover leaf weevil (larvae in all 
instars) for a distance of 200 feet from the atomizer, 
and that approximately an 80 per cent reduction 
was obtained at a distance of 250 feet and some re- 
duction up to 350 feet from the machine. 

A similar test was conducted a few days later 
against the pea aphid in another field of alfalfa. The 
sate equipment was used as in the preceding test, 
to atomize a solution similar to that cited above ex- 
cept that it contained 10 per cent of DDT, 55 per 
cent of kerosene, and enough pyrethrum extract to 
provide 0.1 per cent of pyrethrins. A light wind of 
1 to 5 miles per hour aided in covering about 0.33 
acre with 1.83 pints of the atomized concentrate at 
the rate of 0.5 gallon (0.4 pound of DDT) per acre. 
The reduction in population obtained in this test 
was above 90 per cent for the first 200 feet, above 50 
per cent at 250 feet, above 40 per cent at 300 feet, 
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and slight up to 350 feet, as compared with abun- 
dance in untreated portions of the field. 

As in the plot treated with a hand-atomizer, the 
extent to which the DDT contained in the solution 
used in these experiments was responsible for mor- 
tality of the aphid and of the leaf weevil is not 
known. 

The results obtained in these tests suggest the pos- 
sibility of using a light-weight portable atomizing 
machine with a strong blower for drifting concen- 
trated insecticidal solutions onto 100- to 200-foot 
swaths of hay or seed crops.—5-2-45. 





Anaphes ovijentatus, an Egg-Parasite 
of Lygus hesperus 


V. E. Romney and T. P. Cassipy, U.S.D.A., Agr. 
Res. Adm., Bureau of Entomology and Plant 
Quarantine 


Egg parasites of plant bugs of the genus Lygus are 
apparently not very common in North America, 
since they have been reported only from New York 
and Canada on the tarnished plant bug, Lygus obli- 
neatus (Say), cited as L. pratensis (L.). Crosby & 
Leonard (1914) described Anagrus ovijentatus, and 
reported it as an egg parasite of the tarnished plant 
bug in New York. Later Bakkendorf (1925) cor- 
rectly referred this species to the genus Anaphes. 


A B 
Fic. 1.—Adults of Anaphes ovijentatus (Crosby & 
Leonard); A, female, B, male (X23). 


Walley (1929) described Polynema ‘pratensiphaga, 
and reported it as an egg parasite of the tarnished 
plant bug in Canada. 

Lygus hesperus Knight reproduces in large num- 
bers on the flowers of guayule, Parthenium argenta- 
tum Gray, in California. When moisture conditions 
are favorable, the plant continues to bloom from 
April until fall, thus creating an ideal environment 
for plant bug reproduction wherein one generation 
follows another. This, in turn, is conducive to attack 
by egg parasites. 

During August 1944 flowers from a field of guayule 
near Salinas, Calif., were examined for egg parasites 
of Lygus hesperus, since two generations of Lygus 
had already been produced in the environment and 
the third was in progress. The first problem was to 
determine where Lygus desposited eggs in the flow- 
ers. It was found that most of them were inserted 
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into the receptacle extending from the peduncle into 
the tissues of the flower heads, so that when the 
flower heads were pulled off with the fingers a large 
proportion of the eggs were exposed to view. The 
numbers of such eggs found deposited during the 
period August 7 to 26, together with the percentages 
of observed parasitized eggs, are given in table 1. 
Parasitized eggs which were well along in develop- 
ment were dark in shade with a small cream-colored 
area on the inserted end. These observed parasitized 
eggs were partially removed from the plant tissues 
and held individually in vials with a limited amount 
of moisture until the parasites emerged. By August 
28, 21 females and 15 males of Anaphes ovijentatus 
(Crosby & Leonard) were reared from 42 para- 
sitized eggs (Fig. 1). The parasite was identified by 
A. B. Gahan. 
The environment studied contained Lygus hes- 
rus almost entirely, with an occasional L. elisus 
‘an Duzee. Dissection showed that eggs of the 
latter species were smaller. Only 3 in a total of 154 
Lygus eggs found in the guayule flowers appeared to 
have been deposited by L. elisus, and they were nor- 
mal in color. 


Table 1.—Lygus hesperus eggs found parasit- 
ized in guayule flowers taken from fields near 
Salinas, Calif., 1944. 








Per CENT 
or Eaas 
PARASITIZED 


Tora. 
NUMBER OF 
Eaes 


DaTE or 
EXAMINATION 
AvuGuUST 





10 
14 
17 
32 
48 
70 
67 
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Cyrtopeltis varians in Some of the 
Tobacco-Growing Areas of 
North Carolina 


W. A. Tuomas, U.S.D.A., Agr. Res. Adm., Bureau of 
Entomology and Plant Quarantine 


The predaceous habits of Cyrtopeltis varians 
(Dist.) have been reported by various observers. 
Rosewall & Smith (1930) observed this small, green 
mirid in 1929 feeding on the eggs and first instars of 
Heliothis spp. on tobacco. Bruner & Scaramuzza 
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(1938) reported it as attacking the eggs and young 
larvae of the tobacco budworm, Heliothis virescens 
(F.), and the hatching larvae of the hornworm, 
Protoparce sp. (Phlegethontius sp.), on tobacco. They 
also reported the insect attacking tobacco seedstalks, 
causing them to break over before reaching matu- 
rity. Chamberlin & Madden (1942) recorded this in- 
sect as preying upon the eggs and young larvae of 
the tobacco hornworm. 

Cyrtopeltis varians was first observed by the 
writer on tobacco in a small experimental plot at 
Oxford, N. C., during the summer of 1942. It was 
associated with the suckfly, Dicyphus minimus Uhl, 
a species which frequently causes serious damage to 
the late primings of tobacco in the Middle and Old 
Belts of North Carolina, and which was very abun- 
dant at that time. 

Limited surveys in the vicinity of Oxford during 
the summer and fall of 1942 showed from light to 
heavy infestations of Cyrtopeltis varians on most of 
the farms in this area. Some farms were observed 
where an appreciable amount of damage had been 
done by Dicyphus minimus, and on these C. varians 
was very scarce. In the summer and fall of 1943 and 
1944 the distribution of C. rarians was widespread 
over much of the tobacco-growing area of North 
Carolina, and few D. minimus could be found. 

In the heavy outbreak of Dicyphus minimus in 
1942 on the experimental tobacco plots at the Ox- 
ford laboratory, it was observed that as the popula- 
tion of Cyrtopeltis varians increased that of D. min- 
imus decreased. A study of the activities of these two 
insects under field conditions revealed that (’. rarians 
was feeding on both adults and nymphs of D. min- 
imus to an extent that might very well account for 
the rapid reduction of the latter species. This 
predaceous habit of C. rarians was observed on many 
farms in the vicinity of Oxford in 1942, and may 
prove to be one of the limiting factors in the develop- 
ment of D. minimus on tobacco in the Middle and 
Old Belts of North Carolina. 

Cyrtopeltis varians has also been observed feeding 
on newly hatched hornworms and various small in- 
sects, usually those caught on the gummy covering 
of the plant. There is no evidence that it punctures 
hornworm eggs after they are several hours old. 
Such eggs have repeatedly been caged with (. 
varians until they hatched without having been at- 
tacked. There is some reason to assume, however, 
that hornworm eggs are susceptible to the attack of 
this insect before the egg covering has become 
tough. In large oviposition cages it has been ob- 
served frequently that many hornworm eggs depos- 
ited during the night were punctured and empty the 
next morning. The only insect observed that might 
be responsible for this was C. rarians. 

The nymphs and adults of Cyrtopeltis varians are 
usually found feeding on the leaf stems and veins of 
the growing tobacco, and on the seedstalks, buds, 
blossoms, and seed clusters of maturing plants and 
suckers. As far as can be determined, there appears 
to be no permanent injury to the leaves or stems in 
the early stages of plant growth. 

The principal economic damage occurs on plants 
when the heads are turned out for the production of 
seed. This damage may become severe on plant- 
breeding plots, where the heads are bagged to ob- 
tain desirable strains of new varieties. Under these 
conditions the tender seedstalks are circled with a 
ring of punctures, which causes the head to break 
over before the seeds mature. These punctures 
around the stalk cause the formation of a swollen 
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ridge, which readily indicates the area of attack. In 
this way important new strains involving only a few 
seed heads might be lost. This is especially true in 
Turkish varieties, where the seedstalks are smaller 
and the production of viable seed per head is some- 
what limited. In one plant-breeding field of Turkish 
varieties last season more than 10 per cent of the 
seedstalks broke over and failed to mature as a re- 
sult of the girdling activity of this insect. Late in the 
season some fields of suckers were observed in which 
about half the seedstalks had broken over as a result 
of this insect’s attack. 

Cyrtopeltis varians apparently does not hibernate 
under conditions prevailing at Oxford, but both 
nymphs and adults feed intermittently on native host 
plants during the winter. Infested mullen, commonly 
found about old plant-bed sites, has been observed 
during midwinter.—5-24-45. 
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The Residual Toxicity of the 
Pyrethrins to Anopheles quad- 
rimaculatus: Preliminary 


Studies 


R. L. Metcar' and Caroutne E. Wiison! 


One of the most impressive properties of DDT is 
its residual toxicity to mosquitoes and flies.2*.+5 Be- 
cause of the widespread practical application of 
residual treatment in malaria control, it occurred to 
us to investigate the toxic properties of the pyreth- 
rins when applied as a residual spray. The only 
reference in the literature mentioning this property 
appears to be a note by Swellengrebel & deBuck 
(1938) indicating that some residual repellent ef- 
fect lasting up to two weeks resulted from house 
spraying with pyrethrum extract. 

Residual treatments of pyrethrins and DDT were 
compared by spraying or brushing a stock 2 per cent 
pyrethrins extract in kerosene, and a 2 per cent DDT 
emulsion from a xylene-T7riton X-100 concentrate on 
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6-inch squares of Beaver Board at a rate of 200 mg. 
of pyrethrins and 200 mg. of DDT per sq. ft. of 
surface. The dried boards were tested for residual 
toxicity by confining at least 20 adult Anopheles 
quadrimaculatus under half petri dishes on the 
boards while the time for 100 per cent knockdown 
was recorded. The knockdown period was deter- 
mined as the time when the mosquitoes were unable 
to return to their feet after inverting the test board. 
A few comparable tests were made with Aédes 
aegypti. Because of the light-lability of pyrethrins a 
duplicate board was kept in a closed cabinet and was 
exposed to light only during the periods of testing. 
The insects removed from the boards were placed in 
screen cages with a piece of cotton soaked in sugar 
solution. Mortality checks were made after 24 hours. 
The mosquitoes were used one day after emergence 
and were reared under conditions of constant tem- 
perature and humidity. The results are shown in the 
following table. Exposures as short as 1 minute gave 
100 per cent mortality in 24 hours on newly treated 
surfaces. 


Table 1.—A comparison of the residual toxici- 
ties of DDT and pyrethrins to A. guadrimaculatus 
adults. 








Tme Required 
ror 100% Knockpown Mortatity—24 Hours 





Pyrethrins 


light dark 


AGE OF Pyrethrins 


Treat- 
MENT 


DDT light DDT 





min. min. min. 

New 5 4 SS 
1 Week 8 7 108 

2 Weeks 9 12 108 

3 Weeks 13 9 165 

4 Weeks 13 10 95 

8 Weeks ll 99 

12 Weeks 36 20 200 





Pyrethrins applied at 20 mg. per sq. ft. gave rapid 
(9 min.) knockdown on new applications, but the 
knockdown time increased more rapidly upon aging 
than did that of the heavier application, being ap- 
proximately 1 hour at 4 weeks and 4 hours at 8 
weeks. Tests with Aédes aegypti mosquitoes gave 
100 per cent knockdown times of 8 minutes for a new 
treatment of pyrethrins, and 75 minutes for a new 
treatment of DDT. It, therefore, appears that the 
two species of mosquitoes do not differ greatly in 
their susceptibility to these materials. 

Thus, the residual toxicity of the pyrethrins ap- 
pears promising enough to warrant field trials of the 
practicability of residual applications of pyrethrins 
for the control of adult mosquitoes in dwellings. The 
much more rapid knockdown given by the pyreth- 
rins would seem to offer the possibility of greatly 
reducing the annoyance caused by mosquitoes enter- 
ing treated dwellings, as in the case of DDT treat- 
ment, these often bite before succumbing to the in- 


‘secticide (Metcalf et al.). Improved mortalities may 


result from combinations of pyrethrins with various 
activators or with DDT.—4-23-45. 


REFERENCES CITED 


Swellengrebel, N. and A. deBuck. 1938. Malaria in 
the Netherlands. Scheltema and Holkema 
Ltd. Amsterdam. 








JouRNAL oF Economic ENTOMOLOGY 


Swarming of Collembola in 
North Carolina 


D. L. Wray, State wy of Agriculture, 
Raleig , . 


About the middle of February a farmer wrote me 
and sent in some specimens of Collembola from 
Rose Hill, N. C. He stated that these tiny insects 
were all over his tobacco beds and were causing 
many farmers in that section no little anxiety about 
their tobacco plants. I investigated the occurrence 
and found the Collembola swarming by the millions 
over the tobacco plant beds in places, in the woods, 
in ditches, mud-holes, and even in large quantities 
in fields which were being plowed. Some places they 
were so thick as to form blue blankets of insects 
inches thick. One farmer told me he saw a large 
patch along a road and thought it was a blue patch 
of mold but on examination he found the same kind 
of insects. Areas in Duplin and Sampson counties 
had this insect occurrence. Since the tobacco plants 
were just coming up no indications of damage were 
seen and it is not known what they might have done 
had the plants been a few inches in height. 

There were only one species involved, Achorutes 
armatus Nic. This was the first swarming of Collem- 
bola I have seen here in the years I have been ob- 
serving this group of insects. —3-13-45. 





Reduced Concentrations of Ethylene 
Dichloride for Peachtree Borer 
Control! 


Criype F. Smrra, North Carolina Agricultural 
Experiment Station, Raleigh 


The following experiments were set up to deter- 
mine the value of reduced concentrations of ethylene 
dichloride for peachtree borer control in North 
Carolina. The data were obtained in orchards in 
Moore and Richmond Counties which are located 
in the principle peach growing section of the state. 
All the orchards were in Norfolk sand. 

The trees at North State Orchard (6-year-old 
Elbertas) were treated October 6, 1942, and the 
trees at the Rummage Orchard (7-year-old Hiley 
Belles) were treated October 20, 1942. The trees at 
the Auman Orchard (7-year-old Elbertas) were 
treated October 6, 1943. All trees were checked and 
rechecked for living borers during June of the follow- 
ing spring. 

Ethylene dichloride was used at various concen- 
trations but at a constant dosage of 8 fluid ounces 
per tree. The trees were mounded immediately after 
the material was applied. Paradichlorobenzene was 
used at the recommended dosage of 1 ounce per tree 
to compare its effectiveness with that of the ethylene 
dichloride emulsion. Each treatment in tables 1, 2 
eo consisted of 6 replicated blocks of 4 trees 
each. 

The data for the North State orchard shown in 
Table 1 indicate that the emulsion containing 15 
per cent ethylene dichloride gave better control 
than did paradichlorobenzene, and the control ob- 
tained with the 10 per cent was practically as good 
as that obtained with paradichlorobenzene. 

! Contribution from the Department of Entomology, North 


Carolina Agricultural Experiment Station. Published with the 
approval of the Director as Paper No. 198 of the Journal Series. 


Vol. 38, No. 4 


Table 1.—Comparative value of paradichloro- 
benzene and various concentrations of ethylene 
dichloride, North State orchard, Richmond 
County, 1942-43. 








Trees 

Trees Wirs 
IN Livine 
Test Borers 


AVERAGE 

Livine PER 
MATERIAL Borers Tree 
Check » 176 
Paradichlorobenzene 

1 oz. per tree 
Ethylene Dichloride 

Emulsion 

% 








Table 2.—Comparative value of paradichloro- 
benzene and various concentrations of ethylene 
dichloride, Rummage orchard, Richmond Coun- 
ty, 1942-43. 








Trees AVERAGE 
No. Wira Toran PER 
Trees Living Living Treatep 


Treaten Borers Borers Tree 


MATERIAL 


Check 24 2 232 

Paradichlorobenzene 
1 oz. per tree 

Ethylene Dichloride 
Emulsion ‘ 





9.66 


24 ll 22 91 


24 3 4 16 
24 5 5 20 
24 15 42 1,75 
24 23 126 5.25 





In the Rummage orchard, shown in table 2, the 10 
ne cent emulsion was superior to paradichloro- 
nzene. 


Table 3.—Comparative value of paradichloro- 
benzene and various concentrations of ethylene 


dichloride, Auman orchard, Moore County, 


1943-44. 








TREES 

No. Wrirr 
Trees’ Livine 
Treaten Bor#trs 


Living Treated 


MATERIAL Borers 
Check 24 
Paradichlorobenzene 

24 


1 oz. per tree 
Ethylene Dichloride 
Emulsion 
15% 24 8 
10% 24 46 
5% 24 17 56 








Table 4.—Comparative value of various con- 
centrations of ethylene dichloride, Cochran 
orchard, Richmond County, 1942-43. 





AVERAGE 
Tora. PER 
Living TREATED 
BorERS TREE 





TREES 

No. Witn 

Concen- Trees Livine 
TRATION TREATED BorERS 





Checks 27 26 200 
20% 131 10 11 
15% 134 24 29 

10% 128 30 49 
5% 138 63 125 
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Table 5.—A 5-year study (1939-44) of the peachtree borer population at North State orchard, 
Richmond County, North Carolina. Data obtained in a 225-acre block of Elbertas. 








TREATED TREES UNTREATED TREES 





Average Average 
Year MatertiAts Usep Trees Borers Per Tree Trees _ Borers Per Tree 





1989-40 Paradichlorobenzene 
1 oz. 40 69 1.72 40 480 12.00 


1940-41 Ethylene dichloride 
emulsion 25% 50 16 .32 100 10.68 


1941-42 Ethylene dichloride 
emulsion 25% 98 18 .16 59 2.473 


1942-43 Ethylene dichloride 
emulsion 124% 100 12 .12 50 2.42 


1943-44 Ethylene dichloride 
emulsion 15% 57 8 .16 50 





! Note reduction of borers in check trees first year after using ethylene dichloride emulsion. 


_In the case of the Auman orchard, shown in Packing Mosquito Larvae for Storage 
Table 3, less satisfactory control of borers was ob- Shi 

tained than in the other orchards. However, the nad ipment 

oe Sins core he nig the various concen- — S7,xiey J. CARPENTER,’ Fourth Service Command 

In the Cochran orchard (Table 4) the material Medical Laboratory, Fort MePhersen, Georgia 
was put out by the workmen on the farm. All the The usual method of packing mosquito larvae for 
trees for each treatment were together. The checks shipping in alcohol in shell vials plugged with corks 
were taken at random in the plots, 4 trees being used frequently results in dan aging specin ens to the ex- 
for each check (one check only had 3 trees). Very _ tent that they cannot be identified or used for study. 
good control was obtained in this experiment and it | The preservative often evaporates so rapidly from 
demonstrates that highly satisfactory results can shell vials in which mosquito larvae are stored that 
be obtained with ethylene dichloride emulsion when _ Specimens are spoiled when neglected for short pe- 
it is applied by the workmen at the orchards. riods. Army entomologists are using a method of 

The value of an insect control program should be packing specin ens in discarded dental anesthesia 
judged by the effect it has on the insect population cartridges which reduces breakage and evaporation. 
in future years as well as by the immediate effect. sa soon sees 

The data in Table 5 were taken from different 
blocks of trees in a 225-acre block of Elbertas that 
were in their seventh growing season in 1939. The 
untreated blocks consisted of trees that were not Air Spoce Lorvee sbi Alcohol ee.) Oe Needle 
treated the year they were checked but that had : ; 
been treated with the rest of the orchard the previ- Fic. 1.—Dental anaesthesia cartridge used for 
ous year. The reduction in the number of borers in packing mosquito larvae. 
the untreated trees in 1941-42 is undoubtedly due to 
the good control obtained with ethylene dichloride 
emulsion in 1940-41. This indicates that the initial 
population of borers can be reduced over a large area 
and that they can be held at a low level with a rela- 
tively weak concentration of ethylene dichloride. 

Orchards in which paradichlorobenzene was still 
being used were checked in 1942 and 1943 and the 
initial population of borers was found to average 
7 to 10 per tree. This is another indication that the 
reduction of borers in the North State orchard was 
due to the good control obtained with the ethylene 
dichloride emulsion. 

The above data indicate that the stronger concen- 
trations of ethylene dichloride give the best control. 
However, from a practical point of view the weaker 
concentrations may be the most satisfactory as the 
likelihood of injury and the cost of the material for 





The cartridges are used as containers for procaine 
hydrochloride which is widely used by dentists for 
anaesthesia.’ (Fig. 1) obtained from army or civilian 
dentists upon request. 

The specimens are packed in the following man- 

. ner: using a wooden applicator, set the rubber plug 
in the cartridge at the position desired; transfer the 
larvae to the cartridge and fill completely with the 
preservative; insert hypodermic needle through the 
rubber stopper allowing the opening of the needle to 
come barely inside the stopper; push the rubber 
stopper, containing the inserted needle, into the 
cartridge (as stopper is pushed into the cartridge the 
excess preservative will escape through the needle); 
rer ove the needle from the stopper. If the needle is 
set at the proper depth, the stopper can be i 
without trapping air in the tube. Collection data 


the treatment will be reduced by their use. In heavily ™ay be inserted in the open end of the cartridge 
infested orchards, it may be advisable to use a 20 below the rubber plug (Fig. 1).—3-5-45. 


per cent emulsion the first year and then change to ! Major, Sanitary Corps, A.U.S. 
a weaker concentration the following year.—1-8-45 2 Army Medical Department Supply Item Number 1383500. 
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This Is It... 


Yes, this is the Post-War period which 
has been so long in coming. Are we ready 
for it and its problems? Probably not. 
Entomologists, like most of the rest of the 
people, have been so fully occupied with 
extra duties imposed by the war condi- 
ditions, that they have not been able to 
do as much constructive planning or to 
make as many preparations for the post- 
war period as they had hoped and in- 
tended to do. This is not necessarily very 
important provided we have attained the 
mental state where we shall be alert to 
meet each individual problem of readjust- 
ment as it arises. After all, plans made in 
advance rarely fit the actual cases which 
present themselves. But if we will re- 
solve to give full and careful attention to 
each individual problem and to give our 
concerted attention to the problems which 
are likely to come in more or less definite 
groups with broad vision and open minds 
we can hope to accomplish a good part 
of what is needed. ; 

The first problem is redeployment, the 
reinstating of the entomologists who have 
been in the armed forces in their peace- 
time occupations in entomology. Many 
such men are on leave of absence and will 
automatically resume their pre-war jobs 
upon discharge from the service. Many 
others did not have permanent jobs when 
they entered the army or navy but were 
ready for jobs. Positions must be found 
for these men. Still others had not com- 
pleted their professional training and will 
wish to go back to school and finish what 
they started. Then, in due time, they will 
expect to be placed in professional work. 
And it seems highly probable that we 
must add to these groups a new one which 
will have developed during the war. 
Many capable men will have had en- 
tomological experience, some of it of a 
highly technical nature, in the army or 
navy, and will have become interested in 
the problems of entomology. We may ex- 
pect some of these men to come to our 


colleges and seek formal training in en- 
tomology so that they may make it their 
life work. And students from this group 
should be a stimulus to any instructor, to 
any department or any school. Finally 
there will be the normal proportion of 
students who, as in pre-war days, will 
elect entomology and ultimately be in the 
market for jobs. 

The Association has set up a committee 
charged with the task of aiding returned 
servicemen and others to find positions 
for which they are qualified in the field of 
entomology. This committee has made 
plans to begin the work just as soon as 
the men receive their discharges and seek 
employment and it may be confidently 
expected that the efforts of this commit- 
tee will aid materially in placement of 
veterans. In addition, it now seems en- 
tirely possible that the Association will 
be able to hold its annual meeting this 
winter and it is here suggested that we 
could do no better than to resolve this 
meeting into a series of round-table 
discussions on placement of veterans and 
on other problems of redeployment of men 
in our field. A committee is not enough; 
the whole membership of the Association 
must be actively interested if maximum 
results are desired. Let us then resolve 
the Association into a Committee of the 
Whole, to attack this problem and stick 
with it until the entomologists are all 
properly provided for. General Mac- 
Arthur told the public, in his speech from 
Tokyo on the occasion of the signing of 
the Japanese surrender documents, “We 
will send your boys back to you soon— 
take care of them.” 

It is easy enough to point out what we 
should do; so easy that there is scarcely 
any point in what has been written here. 
All of us know all these things and have 
given thought to them. What is more im- 
portant is a thorough consideration of 
how we are to get the results. How we are 
going to make 100 jobs absorb 200 or 300 
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men. The number of entomological jobs 
is not normally unlimited and there have 
been plenty of men for existing jobs in 
the past. There is every reason to believe 
that men seeking entomological work 
within the next few years will be more 
numerous than ever before. They will 
quite probably have better average quali- 
fications for such work than the pre-war 
recruits to the field. How are we to pro- 
vide for the surplus? 

The answer seems obvious. Make more 
jobs. But how? That is the real question 
which should occupy the attention of the 
entomologists who may assemble to study 
the problem. And there is no reason why 
the discussions should be fruitless. Now, 
more than ever before, the country is sold 
on entomological services. If entomolo- 
gists, as such, will not provide them some- 
one else will. Municipal, state and national 
sanitary departments are going to be ac- 
tively interested in insect control to 


promote the health and comfort of the 
people. It is up to us to make a bid for 
such services; to show that we are in bet- 
ter position to offer them than any other 
group can be. That will be one group of 
new jobs. Then in other phases of past 


control the field is not adequately cov- 
ered. Literally hundreds, perhaps thous- 
ands, of smaller communities would be 
willing to buy pest control services which 
are not now offered. Doubtless the service 
would have to be somewhat more diversi- 
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fied for the smaller cities and towns than 
pest control operators in the large cities 
usually offer. But there is no reason why 
a private commercial entomologist could 
not equip to care for household pests and 
also to service shrubbery and ornamental 
gardens, cemeteries, parks, possibly even 
suburban gardens, to the mutual benefit 
of the entomologist and the community. 
It would not be out of the way to stress 
this outlet to students preparing for the 
profession so that they might fit them- 
selves specifically for such work. 

Commercial organizations are becoming 
increasingly aware of the service which 
entomology can render to them and the 
positions in this field are increasing in 
number. But they might increase more 
rapidly if we made some concerted effort 
to sell the service to the commercial 
world. 

And even today, when estimates of 
damage done by insects are ventured, they 
always aggregate from a billion dollars 
annually up to two or three billions. And 
most of this is in the field of agriculture. 
Now, so long as there is an annual loss of 
even one billion dollars there is a very 
apparent need for many more entomolo- 
gists. There is perfectly evident need for a 
billion dollars worth of entomological 
service. Let us make it our concern, now, 
to fit our profession to deliver this serv- 
ice. There will then be no lack of jobs for 
veterans or others. 





OBITUARY 
Maurice Cole Tanquarp, 1881-1944 


Dr. Maurice Cole Tanquary, Professor of En- 
tomology in the University of Minnesota since 


Maurice Cote Tanquary 


1928, died on October 25, 1945. He was born near 
Lawrenceville, Illinois, on November 26, 1881 and 


was reared on a farm. Like many others, he started 
his professional career as a teacher in the public 
schools. Later he attended college, first at Vin- 
cennes University and later at the University of 
Illinois from which institution he was graduated in 
1907. In 1908 he received a Masters degree and the 
degree of Doctor of Philosophy in 1912. He also at- 
tended Harvard for a time in 1910. 

As a graduate student he held an assistantship, 
teaching both entomology and Zoology, in the Uni- 
versity of Illinois. In 1912 he was appointed to a 
position as Instructor in Entomology and Zoology 
at Kansas State Agricultural College, at Manhattan, 
but after a short period there he secured a leave of 
absence to enable him to join the Crocker Land 
Expedition of Donald B. McMillan and thus to 
satisfy the urge for the observation of insect and 
other animal life in lands still practically unknown, 
the urge which has affected so many entomologists 
and zoologists and has been instrumental in building 
up our present extensive knowledge of animal dis- 
tribution and habits. Three years were spent on this 
expedition during which many hardships, some of 
which left their permanent marks on him, were en- 
dured. He returned to his position in Kansas in 1915 
and remained there until 1920 when he resigned to 
accept a position in the Texas Agricultural Experi- 
ment Station where chief of the Division of En- 
tomology and also, at the same time, State En- 
tomologist. In 1924 he resigned his Texas position 
and went to North Dakota where he established 
himself as a commercial beekeeper and was largely 
instrumental in creating an interest in the use of 
package bees in localities where wintering of bees in 
often a problem. He was very successful in this 
enterprise and his innovations in beekeeping at- 
tracted national attention and also led to his in- 
vitation to accept his position at the University of 
Minnesota. 

At Minnesota he was a valuable and productive 
member of the staff and, more than that, was a 
widely consulted authority in the field of beekeeping, 
his reputation extending far beyond national 
limits. Most of his publications were issued in some 
form from the University of Minnesota. 

Dr. Tanquary was friendly and unassuming; he 
was conservative but far from “hidebound.”’Per- 
haps he had best be classed as a progressive con- 
servative. He was a Fellow of the American Associa- 
tion for the Advancement of Science, a Charter 
Member of the Entomological Society of America, a 
member and former Vice-President of the American 
Association of Economic Entomologists and a mem- 
ber of the Society of the Sigma Xi. 
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American Association of Economic Entomologists Report 
of the Committee on Codification of the Rules of the 
Association and the Correlation of the Rules with 
the Constitution 


May 9, 1945 
The Executive Committee, 
American Association of Economic Ento- 
mologists, 
College Park, Md. 
Gentlemen: 

At the annual meeting of the Associa- 
tion held at Columbus, Ohio, December 
7-9, 1943, the report of the Committee on 
Resolutions included the following: 

“RESOLVED: That a Committee of 
three be appointed and charged with the 
duty of codifying the regulations and 
statements of policy which have from 
time to time been enacted. That the report 
of this Committee be submitted to the 
Executive Committee for approval and 
shall then be published in Tue JourNAL 
or Economic ENTOMOLOGY. 

That the Committee be further in- 
structed to draft such amendments for 
modification as may seem to be necessary 
to clarify obscure or conflicting points and 
to cover needed regulations not now exist- 
ing and present such proposals at the next 
regular meeting of the Association. That 
this Committee be instructed to formulate 
for each Association Committee a Charter 
of duties as indicated by the constitution 
and actions of the organization.” 

President Essig appointed the following 
committee to carry out the directives of 


the resolution: Harry B. Weiss, Chair- 
man, E. N. Cory, and A. F. Burgess. This 
Committee submitted to the Executive 
Committee on November 22, 1944, a re- 
port consisting of an annotated constitu- 
tion and statement of the duties of stand- 
ing committees. This report was referred 
back to the Committee with various sug- 
gestions for its improvement, and the 
same Committee was reappointed by 
President D. L. Van Dine. The report that 
accompanies this letter includes the sug- 
gestions of the Executive Committee. 

At this time we desire to thank the 
chairmen of the various standing com- 
mittees for their help in preparing state- 
ments of the duties of their committees. 
Several amendments were received for the 
consideration of the Committee, but they 
did not receive the approval of the Execu- 
tive Committee at the New York meet- 
ings in 1944. The Committee suggests that 
the matter of amendments be deferred un- 
til the membership has had an oppor- 
tunity to study the annotated constitution 
and that a special committee be appointed 
later to consider such modifications of the 
constitution as may be necessary. 


Harry B. Weiss, Chairman 
E. N. Cory 
A. F. BurGcess 


CONSTITUTION 
AMERICAN ASSOCIATION OF ECONOMIC ENTOMOLOGISTS 
(Annotated 1945) 


ARTICLE I 
Name and Objectives 


Section 1. This association shall be 
known as the American Association of 
Economie Entomologists. 

The Association was incorporated under the laws 
of the United States in the District of Columbia, 
December 29, 1913, and is subject to all the privi- 
leges of non-profit organizations including those en- 
gaged in scientific and research work. 


Section 2. Its objectives shall be: [1] to 
promote the study and to advance the sci- 
ence of entomology; [2] to publish the 
JOURNAL oF Economic ENTOMOLOGY and 
other entomological publications. 


Artic_e II 


Branches, Sections and Affiliated 
Organizations 


Section 1. This association may recog- 
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nize Sections and Branches and may 
approve the affiliation of societies and 
organizations which are permanently 
established and which have been or- 
ganized for purposes not inconsistent 
with the aims of this organization and 
which meet the requirements of its con- 
stitution and by-laws. Existing Sections 
and Branches shall function as heretofore 
and shall be governed by the agreements 
under which they were created, unless 
such agreements are modified or revoked 
by the Association after conference with 
the Sections or Branches concerned. 

Section 2. Sections shall be limited in 
scope to matters in which the members 
concerned are particularly interested. 
They shall be organized for the purpose 
of holding meetings or conferences, with 
or without fixed programs, in order to 
evolve or to improve methods bearing di- 
rectly on a better development of the spe- 
cial field in which the group is interested. 
Any group of not less than 25 members of 
the Association may petition the Associa- 
tion for the formation of a Section, giving 
full information of its purposes. All peti- 
tions shall be submitted to the Executive 
Committee for consideration and approval 
and the Section may be authorized by 
vote of the Association. Each Section shall 
be entitled to nominate a Chairman, who 
shall have general charge of its affairs, and 
who shall become a Vice-President of the 
Association after approva! by the nomi- 
nating committee of the Association and 
election by the Association. Each Section 
shall elect its own Secretary. No official 
action except on routine matters shall be 
made public without approval of the As- 
sociation. 


Sections in Existence, 1945 


Section of A piculture 


A temporary organization known as the Associ- 
ation of Official Apiary Inspectors of the United 
States and Canada was formed in Washington, 
D. C., on December 30, 1911. The purpose was to 
increase the efficiency of apiary inspection, to 
bring about greater uniformity of laws and more 
active cooperation between inspectors. (Jour. 
Econ. Ent., Vol. 5, p. 90, 1912.) A petition for 
affiliation as a section, with the American Associa- 
tion of Economic Entomologists was made and 
granted at the Cleveland meeting in 1912. (Jour. 
Econ. Ent., Vol. 6, p. 6; pp. 20-1, 1913.) The first 
program of the Section of Apiary Inspectors was 
held at the Atlanta meeting in 1913. Name 
changed to Section on Apiculture at the New 
York meeting of the American Association of 
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Economic Entomologists in 1916. (Jour. Ecoy, 
Enr., Vol. 10, p. 18, 1917.) 

Objectives and duties: To encourage research 
in apiculture; to report upon projects in that 
field; to extend education in apiculture; to in- 
crease efficiency of apiary inspections; to bring 
about greater uniformity of apicultural laws; to 
stimulate more active cooperation between api- 
cultural inspectors in fight against bee disease, 
To furnish, in connection with the annual meet- 
ing of the American Association of Economic 
Entomologists, a suitable section program upon 
the subject of apiculture. 


Section of Plant Pest Control and Quarantine 


The first annual meeting of the American As- 
sociation of Official Horticultural Inspectors was 
held in 1902. At the ninth annual meeting held in 
1910 a constitution was adopted and a permanent 
organization was founded. (Jour. Econ. Ent, 
Vol. 4, p. 96, 1911.) At the 25th annual meeting 
of the American Association of Economic En- 
tomologists, Cleveland, 1913, a plan of affiliation 
with the American Association of Official Horti- 
cultural Inspectors was adopted and the Associa- 
tion agreed to amend its Constitution to effect 
this. (Jour. Econ. Ent., Vol. 6, p. 20, 1913.) 
At the 29th annual meeting of the Association 
(1916) the name of the American Association of 
Official Horticultural Inspectors was changed to 
Section on Horticultural Inspection. (Jour. Econ. 
Ent., Vol. 10, p. 18, 1917.) The first meeting of 
this Section (15th annual of the organization) 
was held in New York City on December 27 and 
29, 1916. (Jour. Econ. Enrt., Vol. 10, p. 210, 
1917.) On January 3, 1925 the name of the Sec- 
tion of Horticultural Inspection was changed to 
the Section of Plant Quarantine and Inspection. 
(Jour. Econ. Ent., Vol. 18, p. 34, 1925.) This 
Section was originally organized for the purpose 
of affording facilities for the discussion of official 
phases of entomology including regulatory and 
control activities. Since the organization of re- 
gional and National Plant Boards and the oppor- 
tunities provided by these boards for conferences 
between regulatory officials, the Section of Plant 
Pest Control and Quarantine was gradually dis- 
placed and no longer had its former importance. 

In view of this, the Special Committee on the 
Status and Function of the Section of Plant 
Quarantine and Inspection recommended a change 
in the name of the Section; an expansion of the 
subject matter which properly may come before 
the Section, including papers relating to plant 
diseases that require insects to complete their de- 
velopment; a limited number of invitational 
papers; a transfer of voluntary papers from the 
main session to the Section. (Jour. Econ. Ent. 
Vol. 35, pp. 140-1, 1942; Vol. 36, pp. 166-7, 
1943.) The change in the name was authorized and 
the Program Committee was instructed to adjust 
programs and to place papers in appropriate sec- 
tions. (Jour. Econ. Enrt., Vol. 37, p. 169, 1944.) 


Section of Teaching 


This section was created December 30, 1938. 
(Jour. Econ. Ent., Vol. 32, p. 176, 1939.) 

Objectives and duties: To serve as an open 
forum where free exchange of ideas will be pos- 
sible. To provide for intimate contact which will 
be possible during the brief isolation period, 
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thereby materially facilitating acquaintance- 
ship. To-provide a place and time where young 
teachers may spend valuable time in close com- 
munion with older teachers; thereby improving 
the formers’ teaching technique. To provide for 
unified action in behalf of a continued improve- 
ment of teaching, and to broaden the view of all 
teachers. To provide a place for studying improve- 
ment in teaching methods, including modern 
apparatus, visual aids, laboratory manuals, etc. 
To study the content of introductory courses; and 
the desired curriculums for students planning to 
pursue advanced degree work. To integrate en- 
tomological instruction with the liberal trends in 
education. To make research and other entomolo- 
gists better acquainted with the many problems 
confronting the teachers; while permitting these 
other professional entomologists to offer just and 
fair criticism of the end-products of the classroom. 
To study the trends and needs in the field of 
entomology, thereby preventing the impregnation 
of the field with too many individuals cut to the 
same pattern. To arrange for a free interchange of 
materials between institutions. To devise and 
study more effective methods whereby depart- 
ments in educational institutions might more 
accurately assimilate and disseminate entomologi- 
cal knowledge. To outline programs that would 
eventually lead to a broadening of the oppor- 
tunities for human service, which in the final 
analysis are the measuring stick of scientific 
values. (Jour. Econ. Ent., Vol. 32, p. 176, 1939.) 


Section of Extension 


During the Chicago meetings of the Association 
in December 1920 on organization of extension 
workers was formed, with the object of enabling 
the extension workers in various states to keep in 
closer touch with each other, to take advantage 
of newly-discovered control methods and to make 
possible the more rapid dissemination of knowl- 
edge of insect outbreaks which might spread from 
one state to another. (Jour. Econ. Ent., Vol. 14, 
p. 148, 1921.) The group met informally at each 
annual meeting of the Association until 1928 
when a request was made and granted that they 
be admitted as a section of the American Associa- 
tion of Economie Entomologists. It was believed 
that such an affiliation would be mutually ad- 
vantageous. (Jour. Econ. Ent., Vol. 22, pp. 11-2, 
1929.) 


Matters of policy concerning the Sections are re- 
ferred to the Executive Committee. 


Section 3. Branches may be authorized 
on the basis of geographical contiguity, for 
the purpose of holding meetings, present- 
ing papers, conducting conferences, and 
stimulating interest in entomology. To se- 
cure recognition, Branches must formally 
petition the Association, be endorsed by 
the Executive Committee, and be ap- 
proved by the Association. The petition 
must set forth the territorial limits of the 
Branch and indicate clearly the particular 
purpose for which the Branch is to be 
formed; that an established unit already 
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exists; that its recognition will be useful to 
the Association and to entomelogy; and 
that it will be permanent and self-support- 
ing. Each Branch shall nominate a Chair- 
man annually, who shall have general 
charge of the Branch and shall become a 
Vice-President of the Association after 
recommendation by the nominating com- 
mittee of the Association and election by 
the Association. Each Branch shall elect 
its own Secretary-Treasurer. All business 
to be transacted by a recognized Branch 
of the Association must be in harmony 
with the policies of the Association, or 
may be a report protesting the policies of 
the Association and be presented to the 
Association through its Executive Com- 
mittee for consideration and approval, 
prior to its release. Papers presented to, 
and discussions within, the Branch by 
members of the Association and business 
transacted by the Branch, shall be eligible 
for submission for inclusion in the publi- 
cations of the Association. 


In connection with the establishment of re- 
gional branches the essential interest of the As- 
sociation must be considered. No step should be 
taken to discourage the initiative of members. 
Care must be exercised to prevent competition 
with the Association. Attendance at gatherings 
should be based primarily on interest in definite 
projects rather than on residence in designated 
zones. Complete freedom should be allowed mem- 
bers in calling conferences, whether regional or of 
special interest. (Jour. Econ. Ent., Vol. 14, p. 
9; pp. 19-20, 1921.) Sectional or regional confer- 
ences or branches should be kept subordinate to the 
parent organization. The meetings should be held 
at another time than when the parent Association 
meetings are held. The qualifications for a branch 
should be that it include a group of contiguous 
territory of states or provinces which have some- 
what similar problems. Before a branch is author- 
ized, the entomologists in the territory should 
present a resolution to the Association showing 
that they had organized in a group and demon- 
strated by field meetings or otherwise that there 
is sufficient interest, need and demand for a per- 
manent branch. Each branch should have at 
least one representative at the annual Association 
meeting. It would be desirable for the Association 
to have one of its officers attend each of the branch 
meetings annually. (Jour. Econ. Ent., Vol. 17, 
pp. 24-5, 1924.) 


Branches in Existence, 1945 


Pacific Slope Branch 

A special committee of the American Associa- 
tion of Economie Entomologists met with a like 
committee of the Pacific Slope Association of 
Economic Entomologists to consider affiliation of 
the latter organization with the former. Recom- 
mendations for affiliation were made by the spe- 
cial committee of the Association (Jour. Econ. 
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Ent., Vol. 8, p. 499, 1915) and were acted upon 
favorably at the Berkeley, California, meeting 
of the Association, August 9-10, 1915, held jointly 
with the Pacific Slope Association of Economic 
Entomologists. (Jour. Econ. Ent., Vol. 9, p. 3, 
1916.) The first annual meeting of the Pacific 
Slope Branch was held at San Diego, California, 
August 10-11, 1916, at which time the old name 
was discarded. (Jour. Econ. Ent., Vol. 9, p. 453, 
1916.) 


Cotton States Branch 

The Association of Cotton State Entomologists 
was organized in Atlanta, Georgia, December 
1908 with the object of considering the principal 
insect problems of the Cotton Belt. At their annual 
meeting in Birmingham, Alabama, January 10- 
11, 1924, it was voted to apply for recognition as 
a branch of the American Association of Eco- 
nomic Entomologists. At their annual meeting in 
Atlanta, Georgia, February 3-4, 1925, the terri- 
tory embraced by the organization was defined 
as to include the states of North Carolina, Ten- 
nessee, Arkansas, Oklahoma, and Texas and all 
states south and east thereof. At the 1925 Kansas 
City, Mo., meeting of the American Association of 
Economic Entomologists it was voted that their 
application be accepted and that the organization 
be known as the Cotton States Branch. (Jour. 
Econ. Ent., Vol. 13, p. 256, 1920; Vol. 19, pp. 
12-5; pp. 588-9, 1926.) 


Eastern Branch 

The Northeastern Entomologists held their 
first meeting in Philadelphia, Pa., July 29-30, 
1920. At a meeting held at Winchester, Va., on 
August 17-18, 1927, an application was drawn up 
requesting affiliation with the American Associa- 
tion of Economic Entomologists. The application 
was approved by the Association in December, 
1927. (Jour. Econ. Ent., Vol. 21, pp. 13-5, 
1928.) At a meeting in Ithaca, N. Y., on August 
16, 1928, Eastern Branch officers were elected and 
Articles of Agreement were drawn up. These 
were approved by the Eastern Branch in Novem- 
ber, 1929, and by the Association in December, 
1929. (Jour. Econ. Enrt., Vol. 23, pp. 9-10; 
128-30, 1930.) According to the Articles of 
Agreement (Jour. Econ. Enrt., Vol. 23, pp. 128- 
30, 1930) and amendments (Vol. 35, p. 125, 1942) 
the object of the Eastern Branch is to advance 
entomology in all its phases, by affording oppor- 
tunities for the presentation of new facts by ex- 
change of experiences, by discussion, by the an- 
uouncement of project and by cooperation with 
related activities. The territory of this Branch is 
confined to West Virginia, Virginia, District of 
Columbia, Maryland, Delaware, Pennsylvania, 
New Jersey, New York, Connecticut, Rhode 
Island, Massachusetts, Vermont, New Hampshire, 
Maine, and the Canadian Provinces of Ontario, 
New Brunswick, Quebec, Nova Scotia and Prince 
Edward Island. 


Matters of policy concerning the Branches are re- 
ferred to the Executive Committee. 

Section 4. Any organization, having 
aims and purposes in accord with those of 
the American Association of Economic 
Entomologists, may petition this Associa- 
tion for affiliation by making formal ap- 


plication in writing. The application shall 
indicate the region in which the society or 
organization operates; shall list all of the 
members enrolled who are in good stand- 
ing; and shall indicate that it is self-sup- 
porting and organized on a permanent ba- 
sis. After consideration and approval of 
the application by the Executive Com- 
mittee, such organization will be enrolled 
as an affiliated society after approval b 
the Association. An affiliated society shall 
designate one of its members to represent 
it in the presentation of matters to the 
Executive Committee or to the Associa- 
tion. It shall submit an annual report of 
its transactions to the Association. 

Affiliated organizations 

Florida Entomological Society admitted to af- 

filiate membership, December, 1938. (Jour. Econ. 

Enrt., Vol. 32, p. 176, 1939.) Objectives outlined 

in preceding reference. 

Newell Entomological Society admitted to af- 
filiate membership in December, 1938. (Jour. 
Econ. Ent., Vol. 32, p. 177, 1939.) Objectives out- 


lined in preceding reference. 
Articie III 
Membership 


Section 1. The classes of membership 
shall be Active and Honorary. 

Section 2. All persons engaged in work 
in entomology or allied fields and other 
persons having suitable training or a deep 
and sincere interest in entomology may 
become Active Members at any annual 
meeting by a two-thirds vote of the mem- 
bers present upon recommendation of the 
Committee on Membership after a regu- 
larly executed application, endorsed by 
two Active Members and accompanied by 
required fee, has been filed with the Secre- 
tary-Treasurer. 

Section 3. Honorary Membership may 
be conferred on any one who has per- 
formed long and distinguished service in 
the field of entomology. Proposals for 
Honorary Membership must be made in 
writing with a supporting statement by 
two Active Members and such recom- 
mendation shall be acted upon by the 
Committee on Membership and the As- 
sociation, as is required for Active Mem- 
bership. 

Section 4. Any member who shall pay 
the Association the sum of $100 shall be- 
come a member for life, and members who 
have retained continuous membership for 
twenty-five years or more may also be- 
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come members for life upon payment of 
$50. Such members shall thereafter be ex- 
empted from dues and shall be furnished 
with the JouRNAL oF Economic Ento- 
moLocy without further charge. 

Applicants for life membership may pay $100 
or $50 in installments in accordance with Article 
III, Section 4 of the Constitution, provided the 
full amount is paid within one calendar year. 
(Jour. Econ. Ent., Vol. 31, p. 144, 1938.) 


Section 5. Members in good financial 
standing have the right to resign. The right 
to terminate the membership of any mem- 
ber for due cause is reserved by the Asso- 
ciation, but shall not be done except for 
nonpayment of dues, until opportunity is 
given such member for defense before the 
Executive Committee. 

The Journat is continued 1 year after the de 
linquency in payments and the member is auto- 
matically dropped after two years of non-pay- 
ment of dues. Reinstatement requires the pay- 
ment of 1 year’s subscription price plus 2 year’s 
arrearages of dues, together with the current 
year’s fee. (Jour. Econ. Ent., Vol. 32, p. 164, 
1939.) 

ArtIcLE IV 
Officers 


Section 1. The officers shall consist of a 
President, a First Vice-President, and an 
additional Vice-President for each Section 
and Branch, each of whom shall be elected 
annually; a Secretary-Treasurer, who 
shall be elected for a term of three years; 
and a Board of Trustees of the Permanent 
Fund. 

Section 2. The President, the retiring 
President, who shall be a member for two 
ladditional] years, and the Secretary- 
Treasurer of the Association, together 
with three active members one of whom 
shall be elected each year for a term of 
three years, shall constitute the Executive 
Committee, whose chairman shall be the 
active President. 

Section 3. The Board of Trustees of the 
Permanent Fund shall consist of the 
President, the Secretary-Treasurer, and 
three active members each of whom shall 
be elected for a term of three years, so 
arranged that one member shall be elected 
annually. 

Section 4. No member shall be Presi- 
dent for two consecutive years. 


ARTICLE V 
Funds 


Section 1. Funds of the Association 
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shall be of two classes: the general funds 
and a permanent fund. - 

Section 2. The general funds of the As- 
sociation shall be collected, entered, dis- 
bursed, and accounted for by the Secre- 
tary-Treasurer in such a manner that the 
financial condition of each activity can be 
easily determined. 

Section 3. The permanent fund shall be 
established to include all donations, be- 
quests, fees for active membership for life, 
and such other property or funds as ma 
be added to it. This permanent fund shall 
be in the custody of the Board of Trustees 
of the Permanent Fund and all disburse- 
ments from this fund shall be over the 
signature of the Chairman of the Board, 
who shall be elected annually by the 
Board. The principal of this fund shall be 
invested and shall not be expended with- 
out the recommendation of the Executive 
Committee and the approval of the Asso- 
ciation at any meeting, notice of such ac- 
tion to be given in the call for said meet- 
ing. The interest on this permanent fund 
in any year may be used to meet necessary 
expenses of the Association on approval of 
the Executive Committee; but if not so 
expended during the year shall be added 
to the principal. 


Permanent Fund 


This fund shall be maintained as a stabilizing 
influence on the finances of the Association and 
shall at present consist of moneys obtained from 
the payment of life memberships, from income 
from the investments and bank deposits of the 
Association and from such additions from the 
current funds of the organization as may be voted 
from time to time. (Jour. Econ. Ent., Vol. 28, 


p. 17, 1935.) 
ArtTICcLE VI 
Meetings, Quorum and Voting 


Section 1. The annual meeting shall be 
held at such time and place as may be de- 
cided upon by the Association at the pre- 
vious annual meeting, or by the Executive 
Committee if a change may become nec- 
essary or desirable. 

Where satisf. and adequate facilities for 
meetings are available at hotel headquarters or 
nearby, the Secretary and Local Committee are 
required to plan for meetings at such ’ 
(Jour. Econ. Ent., Vol. 27, pp. 35-6, 1934. 


Section 2. Special meetings may be 
called by order of the Executive Commit- 
tee and shall be sé called on the written 
request of fifty [50] Active Members. 

Section 3. Fifty [50] Active Members 
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shall constitute a quorum for the transac- 
tion of business of the Association. 

Section 4. Voting and holding of office 
shall be limited to Active Members. 


Artic.Le VII 
Amendments 


Section 1. All proposed amendments 
shall be presented to an annual meeting. 
The President shall then appoint a special 
committee to consider the amendment 
which shall report their recommendations 
at the next annual meeting. The Secretary 
shall send a copy of the proposed amend- 
ment to each Active Member at least 
thirty days prior to the next annual meet- 
ing. A two-thirds vote of the Active Mem- 
bership present at the meeting shall be re- 
quired for adoption. Minor changes ger- 
mane to the subject of the announced 
amendment may be approved by the As- 
sociation. 


BY-LAWS 
ARTICLE I 
Members 
Section 1. All members have equal 


privileges as to presentation of papers and 
discussion at the meeting. 


ArTIcLe II 
Officers and Their Duties 


Section 1. It shall be the duty of the 
President to preside, and to prepare an 
address to be delivered at the annual 
meeting over which he presides. He shall 
also announce his appointment of the nec- 
essary committees at the first session of 
the annual meeting and shall have and 
exercise such powers as are reasonably 
necessary to carry out his official duties, 
including, with the approval of the 
Executive Committee, the filling of va- 
cancies in the officers and elected commit- 
tees; such appointees to serve until the 
next annual meeting. 


Expenses of the President for attendance at 
Branch meetings are paid by the Association. 
(Jour. Econ. Ent., Vol. 32, p. 179, 1939.) The 
Executive Committee recommends the retention 
of one member of the current Nominating Com- 
mittee on the new Nominating Committee ap- 
pointed by the incoming President. (Jour. Econ. 
Ent., Vol. 34, p. 133, 1941.) The Nominating 
Committee should consult with the Editor on the 
personnel of the Publication Committee relative 
to the number of members and terms of service. 
(Jour. Econ. Ent., Vol. 35, p. 133, 1942.) 
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Section 2. In the absence of the Presi- 
dent, the First Vice-President shall assume 
the duties of the President. 

Section 3. It shall be the duty of the 
Secretary-Treasurer to act as Business 
Manager of publications, to make the 
necessary arrangements for the meetings 
of the Association, to keep a record of pro- 
ceedings, and to attend to the general cor- 
respondence. He shall collect all moneys 
due, pay all bills incurred by the Associa- 
tion, submit a report at each annual 
meeting, and perform such other duties 
as may be delegated to him. He shall 
furnish a suitable corporate-surety bond, 
and his accounts shall be audited annually 
by a certified public accountant, which 
audit shall be submitted at the annual 
meeting. He shall be remunerated in an 
amount per annum to be determined by 
the Executive Committee. 


The Business Manager is allowed $600.00 for 
clerical assistance. (Jour. Econ. Ent., Vol. 32, 
p. 164, 1939.) 


Section 4. The Executive Committee 
shall transact the business of the Associa- 
tion between annual meetings. It shall 
make recommendations on policies to the 
Association and shall render a report to 
the annual meeting. The Executive Com- 
mittee may receive and approve or reject 
the reports of the standing or special com- 
mittees. The committee shall have a busi- 
ness session at the close of the annual 
meeting. 

Expenses of members of the Executive Com- 
mittee to regularly called meetings of the Execu- 
tive Committee are payable from Association 
funds, provided that this shall not apply to the 
Annual Meeting of the Association. (Min. Exec. 
Com. Meeting, 1936.) 

The necessary expenses, of members assigned 
official tasks, involving travel beyond what or- 
dinarily would be incurred personally, must be 
authorized by the Executive Committee. (Min. 
Exec. Com. Meeting, 1937.) 


Section 5. The Board of Trustees of the 
Permanent Fund shall have charge of the 
money or other property placed in the 
Permanent Fund and shall be authorized 
to invest it in securities considered legal 
for trust funds, and shall submit a report 
of its activities to the Association at each 
annual meeting. The Trustees shall elect 
a Chairman who shall furnish a suitable 
corporate-surety bond, and the accounts 
of the Permanent Fund shall be annually 
audited by a certified public accountant, 





August. 1945 


which report shall be submitted at the 
annual meeting. ‘ 

Section 6. All officers and standing com- 
mittees, unless otherwise provided for, 
shall be elected by ballot after recom- 
mendations have been made by a nomi- 
nating committee, provided that nomina- 
tions of equal validity may beenade from 
the floor. 

In connection with elected committees, it is 
desirable to continue individuals for not more 
than one term on any of such committees. One 
exception to this is found in Publication Com- 
mittee. See Article ILI, Section 2, of By-Laws. 
It is also the policy of the Association that in 
general one man should not be elected to more 
than one committee. 


Section 7. All elected officers of the As- 
sociation shall assume office after the close 
of the annual meeting and shall continue 
to serve for one year unless otherwise pro- 
vided in the constitution or by other ac- 
tion of the Association. 

Section 8. The fiscal year of the Asso- 
ciation shall close on November 15, and 
all financial reports shall be closed as of 
that date. 


The closing date of audit for each year is Novem- 
ber 30. (Jour. Econ. Ent., Vol. 34, p. 133. 1941.) 


ArticLe Ul 
Publications 


Section 1. The publications of the Asso- 
ciation shall be entrusted to an editor, an 
associate editor, and a business manager, 
who shall also be the Secretary-Treasurer 
of the Association, to be known as the 
Editorial Board. This board shall be 
elected annually, except as otherwise 
specified. 

Through its officers, the Editorial Board’s re- 
sponsibility is to publish the JournaL or Eco- 
NomMic ENTOMOLOGY, in cooperation with the 
Publication Committee and the Executive Com- 
mittee of the Association. 

Travel expenses of the Editor to annual meet- 
ings of the Association are chargeable to the 


Journal funds of the Association. (Jour. Econ. 
Enr., Vol. 35, p. 128, 1942.) 


Section 2. The Editor, Associate Editor, 
and Publication Committee shall be 
elected by the Association upon nomina- 
tion by the Nominating Committee. The 
Publication Committee shall consist of 
ten or more members who shall be elected 
for terms of two years each, so arranged 
that half of the members are elected an- 
nually. The members of: this committee 
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shall have an advisory relation to the 
above constituted Editorial Board. [See 
amended Section 2 below.] 


At the San Francisco meeting (1941) the Pub- 
lication Committee recommended that the By- 
Laws be amended by deleting from Article II, 
Section 2, the following sentence, “The Publica- 
tion Committee shall consist of ten or more mem- 
bers who shall be elected for terms of two years 
each, so arranged that half of the members are 
elected annually.” This Committee also recom- 
mended that the remainder of Section 2 be slightly 
amended to read as follows: “The Editor, Associ- 
ate Editor and Publication Committee shall be 
elected by the Association upon nomination by 
the Nominating Committee. The members of the 
Publication Committee shall have an advisory re- 
lation to the above constituted Editorial Board.” 
(Jour. Econ. Ent., Vol. 35, p. 133, 1942.) 

At the San Francisco meeting (1941) the Execu- 
tive Committee ruled ““That the Publication Com- 
mittee shall consist of ten or more members, who 
shall be elected for a term of two years each, so 
arranged that half of the members are elected 
annually, and that all future Nominating Com- 
mittees consult with the Editor on the personnel 
of the Publication Committee, and that members 
may be reelected to this Committee, the total 
length of terms not to exceed six years. (Jour. 
Econ. Enr., Vol. 35, p. 128, 1942.) 

At the Columbus meeting (1943) the Executive 
Committee ruled that “Article III, Section 2 
lof the By-Laws] be amended to read: “The 
Publication Committee shall consist of seven 
members to be elected for terms not to exceed 
three years in duration. Any member may be re- 
elected for one additional term.” (Jour. Econ. 
Ent., Vol. 37, p. 170, 1944.) 

The action at the San Francisco (1941) meeting 
was approved by the membership present. How- 
ever, since this involved a change in the Con- 
stitution, the action was not complete and it was 
anticipated that a statement of the change would 
be sent out to the entire membership and be acted 
on in 1942. This never took place. The action at 
the Columbus meeting (1943) was approved by 
the members on the basis that a statement rela- 
tive to the change had been circulated previously 
among the members by the editor. It is believed 
that the action at Columbus supersedes all other 
actions and that the following amended Section 
2 is valid. 


Section 2. The Editor, Associate Editor 
and Publication Committee shall be 
elected by the Association upon nomina- 
tion by the Nominating Committee. The 
Publication Committee shall consist of 
seven members to be elected for terms not 
to exceed three years in duration. Any 
member may be reelected for one addi- 
tional term. The members of this Com- 
mittee shall have an advisory relation to 
the above constituted Editorial Board. 

Section 3. The subscription rate of the 
JouRNAL may be established by vote of 
the Association at the annual meeting 
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upon recommendation of the Editorial 
Board. 


One thousand dollars allocated by the Associa- 
tion is available to the Editor for clerical and other 
assistance. (Journ. Econ. Ent., Vol. 33, p. 228, 


1940.) 

With certain exceptions all ted for 
publication in the Fovanssuaile be published in 
agg order of their receipt by the Editor. 

Editor may make changes in the order of 
publication that do not conflict with the policy 
of giving all members of the Association 
opportunity to publish in the JournaL. 
an author offers to pay the full cost of printing an 

e article, it shall be published in the next 
issue of the JournaL to be made up after the 
acceptance of the article. The date of receipt of 
each accepted article shall be published with the 
article. If an article is returned for revision the 
date of receipt should be the date on which the 
revised manuscript is received by the editor. 
(Jour. Econ. Enrt., Vol. 29, p. 248, 1936; Vol. 31, 
p. 151, 1938.) 


All members shall have equal privileges with re- 
spect to the publication of their papers in the 
JourNAL oF Economic EntomMo.oey. 

Papers acceptable for publication in the 
JourNAL or Economic Entomovoery shall consist 
essentially of original research and its application 
in the field of applied entomology, including quar- 
antine activities, and other material dealing with 
problems of insect control. (Jour. Econ. Enr., 
vol. 34, p. 139, 1941.) 

No manuscript which has been published else- 
where, either wholly, or in essential part, will be 
accepted for publication in the JournnaL or 
Economic Entomo.oey. (Final Business Session, 


1936.) 

The Publication Committee passes upon all 
manuscripts except the annual address of the 
President. The annual address of the President is 
exempt from publication rules. (Jour. Econ. 
Ent., Vol. 35, p. 133, 1942.) 

Papers by non-members who are regularly 
employed as economic entomologists shall not be 
accepted for free publication in the Journa.. 
This rule may apply te papers by joint authors of 
which a non-member is a contributor. Papers by 
non-members who are not regularly employed as 
economic entomologists shall be considered in- 
dividually on their merits. These rules shall not 
mec O apply to Scientific Notes. (Jour. 
Econ. Enr., Vol. 34, p. 139, 1941.) 

A paper acceptable for publication which will 
occupy less than two pages of the JouRNAL oF 
Economic Entromo.oey in 10 point type, includ- 
ing illustrations or tables, may be published as a 
scientific note except as may be agreed upon by 
the Editor and one member of the Publication 
Committee. (Jour. Econ. Enr., Vol. 34, p. 139, 
1941.) 

Titles of Scientific Notes shall be included in the 
table of contents and be indexed. (Jour. Econ. 
Enr., Vol. $4, p. 139, 1941.) 

Only those papers, the publication of which is, 
or has been specifically ordered by vote of the 
Publication Committee shall be exempt from the 
publication rules. (Jour. Econ. Ent., Vol. 34, 
p. 139, 1941.) 
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_ Advertising matter in the Journat is left to the 
— of the Secretary. (Min. Exec. Comm., 
‘ . The 


ication of Biological Mo 
publication of at least one review su ent to 
the Journat is favored. This should be a critical 
review of the status of research in a restricted 
entomological field, provided such a project can 
be financed by the Association; the first supple- 
ment to be,financed by the Association without 
cost to the membership, and not to exceed 100 
pages of Jounnat size. (Journ. Econ. Ent, Vol. 


34, p, 148, 1941.) 

Each officially recognized Branch of the Associ- 
ation shall be allowed the publication of 50 pages 
in the JournaL or Economic Entomowoey of its 


annual proceedings without charge to the Branch; 
the next 50 or any portion thereof, if any, 
shall be publi by the Jovurna at a price of 
%1.50 per page, to be defrayed by the Branch mat - 
ter in excess of 100 pages shall be published at a 
price of $3.00 per page, to be paid by the Branch 
concerned, provided that this arrangement shall 
be effective for each Branch as soon as it is of- 
ficially approved by the Branch concerned. 
(Jour. Econ. Ent., Vol. 24, p. 10, 1931.) [The 


above charges per page were adva propor- 
tionately when format of the JouRNAL was 
cha and the charges in effect now are: First 
50 pages free; next 50 pages, $3.00 per page; all 
matter beyond 100 pages $6.00 per page; in addi- 
tion the cost of all engravings is charged to the 
Branch. | 


ArtIcLe IV 
Dues 


Section 1. The annual dues of Active 
Members shall be $2.00, which shall be 
payable in advance. 

Annual dues of members who are in the armed 
forces of the United States and its allies shall be 


remitted for the duration of the present war. 
(Jour. Econ. Ent., Vol. 36, p. 159, 1943.) 


Section 2. No annual dues shall be pay- 
able from honorary or life members. 

Section 3. Annual dues shall not include 
subscription to the publications of the As- 
sociation. 


ARTICLE V 
Meetings 


Section 1. Special meetings shall be 
called as provided for in the constitution. 
Notice of such meetings shall be given by 
the Secretary-Treasurer by mailing to 
each active member a formal notification 
of the time and place of the meeting at 
least one month before the date fixed in 
the notice. The notice shall state the rea- 
son for such meeting and shall specify the 
business to be transacted, and no other 
business shall be transacted. 
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Articie VI 
Amendments to By-Laws 


Section 1. Changes in these By-Laws 
may be made by a two-thirds vote of the 
members present at any meeting: Pro- 
vided, that notice in writing of the pro- 
posed amendment shall have been sent to 
every active member at least one month 
before the date of the meeting at which it 
will be considered. 


Standing Committees 


Executive Committee. See Article IV, Sec- 
tion 2 of Constitution for composition and 
Article 11, Section 4, By-Laws, for duties of 
this Committee. 


Committee on Membership 

According to the Constitution adopted at the 
21st annual meeting, Baltimore (1908), the Presi- 
dent immediately after election was required to 
appoint a committee of three or more members 
who shall serve during his term of office, and who 
shall carefully examine the membership role and 
the applications for membership and report its 
recommendations to the association for action at a 
regular meeting. (Jour. Econ. Ent., Vol. 2, p. 5, 
1909.) At the 25th annual meeting, Cleveland, 
January 1-3, 1913, the Constitution was amended, 
relieving the President from appointing the 
membership committee and placing it with other 
elected committees. From this time on, it became 
a standing committee, one new member being 
elected each year. (Jour. Econ. Enrt., Vol. 6, 
p. 19, 1913.) At the 52nd annual meeting, Colum- 
bus, 1939, the Membership Committee was 
authorized to be enlarged by the addition of two 
members, at least one of whom shall represent the 
Bureau of Entomology and Plant Quarantine, and 
the others including the present members, shall 
be so distributed geographically that every section 
of the country will be represented. (Jour. Econ. 
Ent., Vol. 33, p. 229, 1940.) This brought the size 
of the committee to five members. At the Phila- 
delphia 1940 meeting of the Association the 
Committee was further enlarged by the addition 
of one member from the Southwest. (Jour. Econ. 
Ent., Vol. 34, p. 133, 1941.) The Committee on 
Membership receives and reviews applications 
for membership and recommends the classes to 
which they should be elected at the annual meet- 
ing. See Article III, Sections 1, 2, and 3 of the 
Constitution. 


Committee on Common Names of Insects 


A standing Committee on Nomenclature con- 
sisting of 3 members was first appointed by the 
President at the 16th annual meeting of the As- 
sociation, St. Louis, December, 1903, to consider 
and recommend adoption and changes of names 
in use in economic entomology. (U.S.D.A. Div. 
Ent. Bull. 46, p. 60, 1904; Jour. Econ. Enr., 
Vol. 1, pp. 209-13, 1908.) This committee con- 
tinued to be known as the Committee on Nomen- 
clature until 1936, when it was changed in the 
printed proceedings to the Committee on Com- 
mon Names of Insects. In 1936, the terms of the 
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members were terminated and there were elected 
six members, two with terms of three years, two 
with terms of two years and two with terms of one 
year each, two members to be elected each suc- 
ceeding year for a three year period. (Jour. Econ. 
Enrt., Vol. 30, pp. 231-2, 1937.) The Committee 
in 1939 was authorized and instructed to present 
with all new names and revisions of old names, 
the reasons of members making these 

and further the Committee was authorized to 
comment on the proposals when it saw fit to do so. 
(Jour. Econ. Ent., Vol. 38, p. 227, 1940.) 

In 1941, at the December 31 meeting, it was 
directed that a complete list of common names be 
published in the JournaL and that tes be 
made available for purchase. (Jour. Econ. Ent., 
Vol. 35, pp. 127-8, 1942.) . 

The objective of this Committee is the stand- 
ardization of insect common names. It is the fune- 
tion of the Committee to develop a list of common 
names for insect pests, and for the more conspicu- 
ous and abundant non-injurious insects, in the 
hope that this list, having the support of the 
American Association of Economic Entomologists, 
will be generally adopted. Such standardization 
of common names is of particular significance in 
contacts between entomologists and the general 
public and is also a definite educational aid. 

The Committee receives proposals for new 
common names from members of the Association. 
It considers these as to need and appropriateness, 
modifies them if advisable, and periodically sub- 
mits lists of such names to the entire member- 
ship of the Association for ballot vote. Before any 
name may be added to the approved list, or any 
change may be made in an approved common 
name, such name must receive at least 40 favor- 
able votes, and at least 80% of all the votes cast 
must be in favor of it. New names and changes in 
previously adopted names that have been ap- 
proved by the Association are published in the 
JouRNAL oF Economic EntomoLocy either in 
supplements to the last comprehensive list or in 
new complete lists as needs may dictate. 


Publication Committee 


This Committee was authorized with the adop- 
tion of the revised Constitution on December $1, 
1937, superseding the former Advisory Committee. 
This Committee acts in an advisory capacity to 
the Editor, reviews manuscripts submitted for 
publication in the JourNAL or Economic Ewx- 
TOMOLOGY, and passes upon other publications of 
the Association, as desired. See amended Article 
III, Section 2, of the By-Laws for size of com- 
mittee and terms of office. 


Program Committee 

A standing committee of three members, on 
Program, was established in December, 1936, the 
functions at that time being the arrangement of 
the special features of the program and general 
recommendations for the consideration of the 
Executive Committee. (Jour. Econ. Ent., Vol. 30, 
p. 232, 1937.) In 1941 it was authorized to adjust 
sectional and main programs to best advantage. 
(Jour. Econ. Ext., Vol. 35, p. 128, 1942.) In 
addition, in 1943, it was instructed to develop 
morning programs of papers of general interest 
that may be either invitation or submitted papers; 
and to place in existing sectional or special sec- 
tional meetings organized by the Committee, 
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other volunteer or submitted papers. (Jour, 


Econ. Enr., Vol. 37, p. 169, 1944.) 
Committee on Codling Moth 

This committee was authorized at the Phila- 
delphia meeting, December, 1927, for the purpose 
of formulating plans for investigations of the 
codling moth from biologic and control stand- 
points. (Jour. Econ. Ent., Vol. 21, p. 31, 1928.) 
At present it is organized to aid in the develop- 
ment of research programs that may result in a 
better understanding of the codling moth prob- 
lem, and in better methods of controlling this 
pest; to review the progress of experimental work 
on the codling moth; to assemble and make avail- 
able to interested workers the results of current 
research; when desirable to sponsor conferences 
of specialists engaged in investigations of this 
insect, in order to stimulate a thorough review 
of progress of experimental work with the codling 
moth; to facilitate the cooperative planning of 
further programs of work; and to point out from 
time to time the lines of investigation that appear 
to need special emphasis. 


Committee on Insecticide Terminology 


A standing Committee on Insecticide Ter- 
minology was established December 31, 1935, 
consisting of five members, with terms of 1, 2, 3, 
4 and 5 years, one member being elected for each 
succeeding year for a five year term. (Jour. 
Econ. Ent., Vol. 29, p. 242, 1936.) The purpose 
of this Committee is to promote uniformity of 
terminology in the field of chemical and physical 
control of insects. Recommendations of this Com- 
mittee that are approved by the Association shall 
be followed by contributors to the Journa. 
(Jour. Econ. Ent., Vol. 34, p. 140, 1941.) 


Committee on Popular Entomological Education 


A Publicity Committee of three members was 
elected in 1934. (Jour. Econ. Ent., Vol. 28, pp. 23, 
30, 1935.) Later, the term of office was fixed at 
three years, one new member being elected every 
year for a three-year term. (Jour. Econ. Enr., 
Vol. 29, p. 242, 1936.) The Committee began work 
by promoting the release of entomological in- 
formation through the press, radio, exhibits, etc., 
and by checking results through press clippings. 
(Jour. Econ. Ent., Vol. 30, pp. 237-8, 1937.) 
This Committee is designed to stimulate greater 
appreciation of entomology by the public, along 
educational lines and by the use of improved 
methods in teaching, etc., including the concept 
of active year-round publicity for the Association 
and for individual accomplishments, together 
with the coordination of the local committee's 
publicity work with that of this Committee. 
(Jour. Econ. Enrt., Vol. 33, p. 229, 1940.) At the 
Philadelphia, 1940 meeting the election of the 
chairman of the Committee on Popular Entomo- 
logical Education for a period of three years was 
authorized. (Jour. Econ. Enr., Vol. 34, p. 133, 


1941.) 
Committee on Cooperation with Pest Control Operators 


This committee of three members was approved 
December, 1937 (Jour. Econ. Enrt., Vol. 31, 
p. 144, 1938), to stimulate cooperation and better 
understanding of the fundamentals of treatment 
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and control of pests by the most improved and 
effective methods. 


Committee on Relation of Entomology to Conservation 


This committee of three members was approved 

December, 1937 (Jour. Econ. Ent., Vol. 31, 
p. 144, 1938), and enlarged to five members in 
December, 1943 (Jour. Econ. Ent., Vol. 37, 
170, 1944). 
_ As insect problems are co-extensive with and 
inseparable from conservation problems; as the 
interrelation of such problems has had seant con- 
sideration, as conservation programs must be ad- 
justed and readjusted from time to time to con- 
form with specific knowledge; as there is an urgent 
need for a more general understanding and for 
planned coordination in the relation of entomology 
to conservation—a continuing agency of the 
American Association of Economic Entomology 
should act as a fact finding body to advise the 
Association concerning general policies and pa- 
ticular problems and to cultivate cooperative 
relations with similar agencies if and when created 
by other organizations concerned. (Jour. Econ. 
Enr., Vol. 31, p. 150, 1938.) 


Committee on Grasshopper Research 


This committee was authorized in December, 
1942 (Jour. Econ. Ent., Vol. 35, p. 128, 1942) 
and appointed in 1943 (Jour. Econ. Ent., Vol. 
36, p. 161, 1943) for the purpose of stimulating 
research by conferences and experimentation in 
order to effect improvements in control measures. 


Board of Trustees for Permanent Fund 
See Article I1, Section 5, By-Laws. 
Trustees for Crop Protection Institute 


A conference of insecticide manufacturers, 
plant pathologists and entomologists, arranged 
by the National Research Council, was held at 
Rochester, N. Y., June 23, 1920. The Association 
of Economic Entomologists was represented at 
this conference at which plans were made for the 
formation of the Crop Protection Institute. The 
organization of the Institute was perfected at a 
meeting held in Washington, D. C., September 
28, 1920 (Jour. Econ. Enrt., Vol. 14, p. 9, 1921). 
The trustees represent the Association and confer 
with representatives from pathological, chemical 
and manufacturing interests in order to develop 
and promote research in the origin and use of more 
effective means to protect crops, and to solve 
manufacturing problems involving better and 
cheaper materials and techniques for use in crop 
protection. 


Representatives and Councillors 


Representatives on Council of Union of 
American Biological Societies (2). 
Councillors of the American Association 
for the Advancement of Science (3). 
Representative to the National Re- 
search Council (1). 
The representative is nominated by the Associa- 


tion and this nomination has to be confirmed by 
the National Research Council and submitted to 
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the President who makes a three year appoint- 
ment dating from June. The nomination is made 
at the annual meeting and held in abeyance for 
six months before confirmation is possible. 

Payment of subsistence and incidentals of the 
representative to the National Research Council 
authorized in view c: the fact that the Council 
pays the travel expense. (Jour. Econ. Ent., Vol. 
35, p. 128, 1942.) 

The above representatives and councillors 
represent the Association on boards interested in 
the advancement of the scientific bodies named. 


PROCEEDINGS 
AMERICAN ASSOCIATION OF ECONOMIC 
ENTOMOLOGISTS 


ist Annual Meeting—Insect Life, Vol. 2, pp. 87-8, 
1889 (Const., Officers and Charter members) 

2nd Annual Meeting—Insect Life, Vol. 3, pp. 180- 
285, 1890 

3rd Annual Meeting—Insect Life, Vol. 4, pp. 4-73, 
1891 

4th Annual Meeting—Insect Life, Vol. 5, pp. 67- 
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lith Annual Meeting—Bul. 20 (N.S.) US.D.A., 


Div. Ent., 1899 


12th Annual Meeting—Bul. 26 (N.S.) U.S.D.A., 


Div. Ent., 1900 
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Div. Ent., 1901 


14th Annual Meeting—Bul. 37 (N.S.) US.D.A., 


Div. Ent., 1902 


15th Annual Meeting—Bul. 40 (N.S.) U.S.D.A,, 


Div. Ent., 1903 


16th Annual Meeting—Bul. 46 (N.S.) U.S.D.A., 


Div. Ent., 1904 


17th Annual Meeting—Bul. 52 (N.S.) U.S.D.A,, 


Div. Ent., 1905 


18th Annual Meeting—Bul. 60 (N.S.) U.S.DA., 


Div. Ent., 1906 


19th Annual Meeting—Bul. 67 (N.S.) U.S.D.A., 


Div. Ent., 1907 


20th Annual Meeting—Jour. Econ. Enrt., Vol. 1, 
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Subsequent proceedings are found in the first num- 
ber of succeeding volumes of the JounNAL or Eco- 


NOMIC ENTOMOLOGY. 


REPORT OF THE COMMITTEE ON 
ComMon NAMES 


In the recent balloting at least 80 per cent of the 
votes cast with reference to 26 of the 51 new com- 
mon names which had been proposed were favor- 
able; and in each of those cases, moreover, there 
were 40. or more affirmative votes. These 26 names, 
therefore, are added to the official list of approved 
common names. They are given below with their 
scientific name equivalents. None of the 7 proposals 
for changes in previously approved common names 
that were included in the ballot received the req- 
uisite 80 per cent favorable vote. 

It is proposed to publish a complete list of the 
approved common names again in 1946 after an- 
other balloting. In order that this list may include 
as many as possible of the species not now contained 
in it for which approved common names should be 
available, members are urged to review the situa- 
tion in the fields of their special interests and to sub- 
mit proposals. These should be sent to C. F. W. 
Muesebeck, Bureau of Entomology and Plant 
Quarantine, Washington, D. C.; and each proposed 
name should be accompanied by a brief statement 
explaining why the suggested name is considered 
appropriate. 


Crematogaster spp. 

Chrysomela tremulae F. 

Adel phocoris lineolatus 
(Goeze) 

\llegheny mound ant Formica exsectoides Forel 

blueberry bud mite 


acrobatic ants 
aspen leaf beetle 
alfalfa plant bug 


Eriophyes vaccinii Keifer 


citrus bud mite 

eastern raspberry 
fruitworm 

Florida carpenter ant 


grain mite 

Hall scale 

lesser waxmoth 
long-nosed cattle louse 
peach silver mite 

pine engraver 

pine false webworm 


pyramid ant 
rusty grain beetle 


southern fire ant 
sunflower moth 


sweet clover weevil 
Texas leaf-cutting ant 
tomato russet mite 
turnip maggot 
western harvester ant 


western raspberry 
fruitworm 
western thatching ant 


Eriophyes sheldoni Ewing 
Byturus rubi Barber 


Camponotus abdominalis 
floridanus (Buckley) 
Acarus siro L. 
Lepidosaphes halli Green 
Achroia grisella (F.) 
Linognathus vituli (L). 
Phyllocoptes cornutus Banks 
Ips pini (Say) 
Acantholyda_erythroce phala 
Dorymyrmex pyramicus 
(Roger) 
Laemophloeus ferrugineus 
(Steph.) 
Solenopsis rylont McCook 
Homoeosoma electellum 
(Hist.) 
Sitona cylindricollis (Fahr.) 
Atta terana Buckley 
Phyllocoptes destructor Keifer 
Hylemya floralis (Fallén) 
Pogonomyrmec occidentalis 
(Cresson) 


Byturus bakeri Barber 


Formica rufa obscuri pes 
Forel 


Committee on Common Names of Insects 
C. F. W. Mvueseseck, Chairman 


See 


en ae Se 








DEFINITION OF TERMS FOR DDT 
Adopted by ppt COMMITTEE 
Manufacturing Chemists’ Association of the U. S. 
July 10, 1945 


officials of the British Ministry of Su early in 
1943. This abbreviation was later adopt 
cies of the American Government ry mo ae ¢ of 
chemical compounds known generically as Dichloro- 
dipheny]-trichloroethane. 
2. DDT currently produced for and procured by 
the Military under government specifications 
JCQD 1005A (December 29, 1944) 
JAN-D-56 (June 30, 1944) 
Bureau of Ships 51-1-12 INT (May 15, 1944) 
is the product obtained when one molecule of chloral 
and two molecules monochlorobenzene react with 
each other in the presence of concentrated sulfuric 
acid. This reaction mixture consists essentially of 
2,2 bis-(p-chloropheny]) 1,1,1-trichloroethane, lesser 
amounts of other isomers, and by-products of reac- 
tion. If the product resulting from any other process 
is identical, the use of raw materials other than 
chloral and monochlorobenzene for the production 
of DDT in no way would affect or change the nature 
and character of these definitions and terms. 
.. melting point of this isomer mixture is not 
defined, and in line with the usual practice 
in ys ae with such products, the above specifica- 
tions have assigned a “setting point”’ value of 88° C. 
minimum and designate the product as “DDT 
(dichloro-dipheny|-trichloroethane) Technical.” 
Therefore, this product is best described as: 


1. The contraction DDT was first su my ar i by 


DDT (dichloro-dipheny]-trichloroethane)— 
Technical 
(Setting Point 88° C. minimum) 


$. Other refined or purified grades may be re- 
quired for specific purposes. For example, JCQD 
Dt (December 29, br — for a ified 
freer. a “melting point of 103° C. mini- 

This quality grade can best be described as: 


ae (dichloro-di 
(Melting Point 103° C. minimum) 


enyl-trichloroethane)— 


4. Future developments may require a more 
highly purified DDT with respect to a higher con- 
tent of the para para isomer, or even require some 
one specific pure isomer. In such an event, sufficient 
descriptive designations are already in established 
use in the fine chemical industry, to adequately 
describe the quality, if specifications therefor pro- 
mulgate—i.e., U.S.P., C.P., Reagent. Eventual 
designation of such quality products is best described 
by the generic chemical name dichloro-dipheny|- 
trichloroethane as the main title, followed by the 
chemical name for the specific isomer as a subtitle 
in parenthesis. For example: 

Dichloro-dipheny]-trichloroethane— Reagent 

(2,2 bis-(p-chlorophenyl) 1,1,1-trichloroethane) 

5. Formulations: It is recommended that when 
DDT is shown as an ingredient, the statement be 
worded as follows: 


Active Ingredient DDT (dichloro-diphenyl- 
trichloroethane)—Technical........ xx% 
Other ingredients, active or inert, should be shown 
as required by regulations. 


| 














